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ABSTRACT
Two of the greatest solid waste disposal problems are 
fly ash emitted from power plants and sewage sludge generated 
from municipal waste treatment plants. In an effort to 
introduce beneficial disposal alternatives, it was 
hypothesized that these waste products could be combined to 
produce a solidified material suitable for use in brick 
making. It is an innovative approach in solid waste reuse 
technology.
This research describes detailed laboratory 
investigation of small specimens with different proportions 
of fly ash, sewage sludge and clay/shale to determine the 
physical suitability of the mixtures and viability for use as 
a brick to be called "Biofly Brick".
Laboratory procedures for the manufacture of specimens 
are presented and the results of tests of compressive 
strength, absorptivity, efflorescence and examination for 
pitting due to lime particles are reported. Assessment of 
these structural properties were evaluated according to the 
Australian Standards which indicate that the small specimens 
of Biofly bricks are similar (if not better) in comparison to 
properties of ordinary bricks.
Other properties, such as shrinkage and density were 
evaluated. Waste leaching studies, exhaust gas analysis, and 
health issues have also been reported.
Statistical analysis were performed on the compressive 
strength data to establish confidence limits, standard 
deviation and coefficient of variation.
Laboratory experimental results indicated that, it is 
clearly possible and viable to use unattractive residues such 
as sewage sludge and fly ash together with clay/shale and 
transfer them to an attractive stable product such as "Biofly 
Brick". Bricks produced in the laboratory were shown to have 
less weight per unit volume, without the loss of strength and 
significant energy savings in comparison to ordinary bricks.
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CHAPTER ONE
INTRODUCTION
1.1 INTRODUCTION
Fly ash from coal-burning power plants and municipal 
sewage sludge have been major solids disposal problems for 
years. Annual fly ash production in N.S.W. would be about 
3.5 million tons a year. Sewage sludge production is also 
rapidly increasing as a result of the requirements for 
upgrading of the major coastal plants to increase solids 
capture. This is currently being planned by the Water Board. 
When implemented the quantities of sludge for disposal will 
be significantly increased. Total quantities in N.S.W. are 
forecast to increase up to 275 dry tons of solids/day over 
the next few years (0. 1 million tons/year).
Presently, neither of these waste materials is being 
utilized to any great extent. Data show that only 8 . 6  
percent of fly ash produced in N.S.W. is currently being 
utilized. Some of its uses, are as a construction fill 
material, as an additive in cement and asphalt, as a soil 
nutrient, and as an aid in treating polluted waters and 
reclaiming surface mine spoil.
However, the greatest proportion of the fly ash produced 
must be disposed off either by trucking to a dumping ground 
or by sluicing to an ash pond. In either case the result is 
a large waste area which is resistant to the growth of 
vegetation and has the potential for ground or surface water 
pollution due to the leaching of soluble materials from the 
fly ash.
Disposal of sewage sludge is likewise a significant 
problem. Present methods include barging to sea, 
incineration, landfilling, and spreading on agricultural 
land. Each of these disposal practices has serious 
shortcomings. In recent years there has been increasing 
concern about adverse environmental impacts from ocean 
discharge of sludge which may contain heavy metals and toxic
3 0009 02980
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organic substances. In March, 1989 the N.S.W. Minister for 
the Environment directed the Water Board to cease ocean 
disposal of sludge by 1993 or sooner. Incineration is energy 
consuming, presents an air pollution threat, and creates an 
ash which remains for final disposal. Disposal in sanitary 
landfills is often less expensive but may create contaminated 
ground water.
Sewage sludge contains organic matter and plant 
nutrients hence it can be a useful soil conditioner and low 
grade fertiliser. It also contains chemical contaminants, 
such as heavy metals and toxic organics, primarily from 
industrial waste discharges. Relatively high concentrations 
of zinc and copper are found which is mainly attributed to 
the "Stripping" of these metals from house service lines.
Chemical contaminants may pose a threat to public health 
due to their potential to accumulate in the food chain. 
Plant damage from heavy metals is generally noticeable at 
levels which may cause harm to humans. Moreover, high 
cadmium intakes may cause kidney damage in mammals at levels 
where crops are unaffected. The marketing of meat products, 
especially for export sales, may also be adversely affected 
by high levels of organic compounds such as pesticides. 
Sludge also contains pathogenic micro-organisms which may 
cause disease if exposure levels are high.
In view of the disposal problems associated with fly ash 
and sewage sludge and the trends toward greater quantities 
of these wastes in the near future/ the investigation of 
other disposal alternatives appears warranted. This research 
describes one such investigation. It was proposed that fly 
ash and sewage sludge could be beneficially combined to 
create a material which would be suitable for brick making. 
Potential advantages of this technique include:
-3-
1. Each waste products would be utilized, becoming an asset 
instead of a liability.
2. Mutual benefits may occur as the result of interactions 
between the fly ash and sludge. It was expected that 
combining fly ash with sewage sludge would result in 
fixation of metal ions by silicate complexes in the ash 
or by hydration reactions occurring in the mixture.
3. The environmental consequences should be minimized 
compared with other popular ash and sludge disposal 
practices. For example, there would be no air pollution 
which can result from sludge incineration and less 
build-up of heavy metals which remains a threat from 
sludge placed on agricultural land.
4. The production of this type of bricks is expected to 
save on energy costs up to 50% compared to traditional 
clay bricks. This will significantly reduce the running 
cost associated with large scale production of 
commercial bricks.
5. A light weight brick can be produced which is beneficial 
from both the transport and construction aspects.
The above aspects have significant benefits to our
environmentally conscious and high energy use society.
1.2 AIMS AND SCOPE OF PROJECT
To determine whether waste materials such as fly ash and 
sludge mixed together with clay/shale would be physically 
suitable for use in brick making to be called 'Biofly1 brick.
To determine the extent of any adverse environmental 
effects, especially leaching of potentially harmful trace 
elements as well as potentially harmful components of exhaust 
gas during the brick making process.
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The first objective is evaluated on the basis of 
compressive strength, dry density, burnt density, water 
content, dry shrinkage, burnt shrinkage, dry weight lost, 
burnt weight lost, water absorption properties, efflorescence 
examination for pitting due to lime particles.
Evaluation of the second objective is based on the 
analysis of leachate for lead and zinc. In addition, the 
exhaust gas is analysed for heavy metals and other gases such 
CC>2 / CO, CH4 and N20.
CHAPTER TWO
LITERATURE REVIEW
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2.1 FLY ASH CHARACTERISTICS
Fly ash is comprised of very fine particles, the 
majority of which are glassy spheres, scoria, iron rich 
fractions, and some crystalline matter and carbon. Due to 
its size and shape, the characteristic of fly ash are that of 
a high surface area to volume ratio solid that has 
agglomerated materials on its surface. In general, the 
composition of the spherical portion of the fly ash is 
somewhat immune to dissolution due to its glassy structure. 
The nature of the particles is quite similar to glass, both 
in elemental composition and leaching properties, and as such 
is relatively inert. However, on the surface of the spheres 
exists either easily exchangeable or absorbed molecules 
which, when in the presence of a liquid, become dissolved. 
It is this mechanism, some researchers believe (Theis and 
Richter 1979), which ultimately produces leachate. Some of 
the very minute spheres may also dissolve into solution and 
contribute to the leachate. The elemental composition of the 
structure and surface material is then a function of not only 
the feed coal, but also the combustion sequence and method of 
collection.
Fly ash contains large quantities of silica (SiC^)/ 
alumina (AI2O 3 ), and ferric oxide ^ 6 3 0 3 ), and smaller 
quantities of various other oxides and alkalies. The fly 
ashes vary in color from light cream to dark brown. The 
color is affected by the proportion of unburnt coal, iron 
rich particles and moisture. The average specific gravity of 
fly ash particles varies from 1.9 to 2.9. Fly ashes 
containing high amounts of unburnt carbon and hollow 
spherical particles, called cenospheres, have low specific 
gravity. Larger proportions of iron rich particles and other 
compounds impart high specific gravity to the ashes. Bulk 
density of dry fly ashes is in the order of 800 to 960 Kg/m^ 
(Joshi and Nagaraj 1985).
Major chemical components in fly ashes are illustrated 
in Table 2.1.
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Table 2.1______________ Ma)of Chemical Components In Fty Ashes
Anthracite Bituminous Subbituminous Lignite
% Si02 48 - 68 7 - 68 17 - 58 6 - 40
% A l2 0 3 25 - 44 4 - 39 4 - 35 4 - 26
% F e 2 0 3 2 - 10 2 - 44 3 - 19 1 - 34
% TiC>2 1.0 - 2 0.5 - 4 0.6 - 2 0.0 - 0.8
%  C a O 0.2 - 4 0.7 - 36 22 - 52 12.4 -52
%  M gO 0.2 - 1 0.1 - 4 0.5 - 8 2.8 - 14
% N 0 2 0 0.2 - 3 0.2 - 28
% K 2 0 0.2 - 4 0.1 - 1.3
% s o 3 0.1 - 1 0 .1 -3 2  . 3.0 - 16 8.3 - 32
% Ash 4 - 19 3 - 32 3 - 16 4 - 19
Source: Adapted from S.S. Ray and F. G. Parker (1977).
Table 2.2 The Average Trace-Element Contents of the Ash from US Coats of Various Rank (ppm)
Element Anthracite Low Volatile 
Bituminous
Medium Volatile 
Bituminous
High Volatile 
Bituminous
Lignite and 
Subbituminous
Silver <1 <1 <1 <1 <1
Boron 90 123 218 770 1010
Barium 866 740 896 1253 5027
Beryl Rum 9 16 13 17 6
Cobalt 81 172 105 64 45
Chromium 304 221 169 193 54
Copper 405 379 313 293 655
Galium 42 41 - 40 23
Germanium <20 <20 - - -
Lanthanum 142 no 83 I l l 62
Manganese 270 280 1432 120 688
Nickel 220 141 263 154 129
Lead 81 89 96 183 60
Scandium 61 50 56 32 18
Tin . 962 92 75 171 156
Strontium 177 818 668 1987 4660
Vanadium 248 278 390 249 125
Yttrium 106 152 151 102 51
Ytterbium 8 10 9 10 4
Zinc - 231 195 310 -
Zincorium 688 458 326 411 245
Source: Los Alamos Scientific Laboratory (1976).
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Table 2.2 presents data concerning the average trace 
element contents of ash from U.S. coals of various ranks. 
The data in this table was determined by using atomic 
absorption analysis on coals which were ashed in air at 
1100°F (600°C). The number of coal samples which were tested 
varied with the rank of the coal. A total of 57 coal samples 
were tested. In addition to the variations in trace element 
content with rank indicated, considerable variation in 
samples within any particular rank can also be expected.
Leachate from ash disposal sites is of concern due to 
the possibility that the heavy metals and ionic complexes, 
such as SO^, present in the ash may enter the groundwater 
system and contaminate present or future water resources. 
The water soluble content of fly ash ranges from very little 
to several percent. The principal ions contained in the 
leachate are calcium and sulphate, with smaller quantities of 
magnesium, sodium, potassium, and silicate ions present. 
Free lime (CaO) accounts for part of the soluble calcium. 
The soluble sulphate is approximately half the total sulphate 
(SO4 ) present in the fly ash. Many of the studies of fly ash 
leachate characterised it as being alkaline in nature with a 
pH value ranging from 6.2 to 11.5. Some reports have shown, 
however, that some bituminous fly ashes are acidic. The pH 
of the leachate is believed to be controlled by the 
proportion of leachable lime to iron present. There are two 
main methods to provide measurements of water soluble 
components (a) the shake test, and (b) the column test 
(Weaver et al (1978)).
ASTM method (1978), is a form of the shake test in which 
a mixture of 1.54 lb. (700g) of as received sample and 6.21 
lb. (2800g) of Type IV Regent water (prepared by either 
distillation, ion exchange, reverse osmosis, electrodialysis 
or some combination of the above) is agitated for 48 hours at 
68 ± 4°F (20 ± 2°C). This method also includes an alternate 
sodium acetate buffer solution (pH 4.5 ± 1) for the 
extraction.
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EPA extraction procedure (EP), the EP test, consists of 
adding fly ash to distilled-deionised water (at a ratio of 1 
(fly ash) to 16 (water) by weight), then adjusting the 
solution pH to 5 with 0.5 N Acetic Acid until a maximum of 
3.83 pints of acid per pound (4ml of acid per gram) of solid 
has been added. If after adding 4ml of acid per gram of 
solid, the pH is still greater than 5, the 24-hour extraction 
is completed at that higher pH (EPRI, 1979).
Gray (1972) analyzed for Michigan fly ashes by adding 
1 0 0g ash to 1 0 0 0ml water and shaking the mixture for 24 
hours. Weeter et al. (1974), determined soluble components 
of ash by adding 500g ash to 2000ml water and shaking 48 
hours. Sherwood and Ryley (1966) obtained their values for 
12 English ashes by continuous leaching with hot and cold 
water.
Tables 2.3 and 2.4 contain a summary of the solids 
analysis and actual pond discharge analysis, for fly ash.
Table 2.3 Ash Solids Analyses (in ppm )
Fly Ash Bottom Ash
Substance Range Average Data Points Substance Range Average Data Points
Arsenic 6-1200 177 23 Arsenic 05-18 7 VI
Barium 100-1J074 5207 6 Barium 300-731 4816 7
Cadmium 029-51 to 17 Cadmium 0 5 -3 125 12
Chloride 1000 1 Chloride - -
Chromium 15-900 2186 18 Chromium 15-895 213 B
Copper 16-400 171 17 Copper 12-300 872 12
Fluoride 120-671 39t> 2 Fluoride 106 1
Iron 49000­
235000
124.125 8 Iron 66000­
211.900
116.100 9
Lead 11-800 210.7 19 Lead 3-30 132 11
Manganese 100-1000 389 16 Manganese 100-1000 4387 b
Nitrate 856 1 Nitrate b 1
Selenium 6.9-760 145 14 Selenium 006-20 545 11
Silver 3 1 Silver - - -
Sulfate 5430 1 Sulfate 675 1
Zinc 50-9000 13143 20 Zinc 20-400 142 12
Source: D. W. Weeter and M. P. Bahor (1979).
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Table 2.4 Analyses of Ash Pond Discharges (in ppm)
Fly Ash Pond
Substance Range Average Data Points
Arsenic 0.01 - 1.1 0.38 3
Barium 0.2 - 0.3 0.25 2
Cadmium 0.001 - 0.037 0.019 2
Chloride 6 - 7 6.5 2
Chromium 0.02 - 0.067 0.044 2
Copper 0.02 - 2.4 0.91 3
Cyanide - - -
Iron 1.44 - 630 211.12 3
Lead 0.01 - 0.91 0.33 3
Manganese 0.13 - 0.48 0.31 2
Selenium 0.002 - 0.33 0.12 3
Silver - - -
Sulfate 239 - 358 283.5 2
Zinc 0.06 - 2.2 1.26 3
Bottom Ash Pond
Substance Range Average Data Points
Arsenic 0.006 - 0.018 0.012 2
Barium 0.1 - 0.2 0.15 2
Cadmium 0.001 - 0.003 0.002 2
Chloride . 7 - 8 7.5 2
Chromium 0.009 - 0.01 0.095 2
Copper 0.041 - 0.065 0.053 2
Cyanide - -  ' -
Iron 5.29 - 5.98 5.64 2
Lead 0.02 - 0.02 0.02 2
Manganese 0.16 - 0.58 0.37 • 2
Selenium 0.002 - 0.011 0.007 2
Silver - - -
Sulfate 49 - 139 94 2
Zinc 0.09 - 0.14 0.12 2
Combined Ash Pond
Substance Range Average Data Points
Arsenic 0.005 - 0.038 0.038 9
Barium 0.1 - 0.2 0.19 10
Cadmium 0.001 - 0.005 0.002 6
Chloride 3 - 14 7.2 10
Chromium 0.004 - 0.043 0.015 10
Copper 0.01 - 0.08 0.042 10
Cyanide 0.01 - 0.05 0.03 3
Iron 0.23 - 2.3 0.8 10
Lead 0.01 - 0.025 0.014 10
Manganese 0.01 - 0.39 0.09 9
Selenium 0.003 - 0.065 0.016 10
Silver - 0.01 1
Sulfate 59 - 156 109.7 10
Zinc 0.03 - 0.12 0.053 10
Source: D.W. Weeter and M.P. Bahor (1979).
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The results of the analysis presented in Tables 2.3 and
2.4 are a function of many factors including;
. type of coal and geographical source,
. degree of coal preparation, cleaning and pulverization,
. design, type and operation of the power plant boiler unit,
. collection, handling and disposal methods.
Due to the above factors, power plant ash will display a high 
degree of variability in its properties.
Not only will the properties of an ash vary from power 
plant to power plant, but they will also vary from boiler to 
boiler in a particular and within an individual boiler at 
various times.
Three samples of bituminous coal fly ash, bituminous 
coal bottom ash, and bituminous coal boiler slag were sent to 
laboratories across the U.S. where they were subjected to the 
various extraction procedures and the extract was analyzed 
according to standard ASTM procedures. The range of values 
from these analysis is presented in Table 2.5. One important 
fact is evident from this data. The variation in test 
results among the laboratories performing the same extraction 
procedure on the same waste sample is, in some cases, rather 
large (EPRI, 1979).
The results of the analysis presented in Table 2.5 are 
based on a limited size sample and therefore no valid 
conclusions can be drawn about the quality of the leachate 
from ash.
Table 2.5 Results of Leachate Tests on Fly Ash
Bituminous C oa l Fly Ash
Analysis
ASTM 'A* (16) ASTM ‘B* (16) EPA E.P. (16)
pH 4.38 - 12.5 4.5 - 5.2 4.87 - 5.57
Ca (mg/I) 150 - 583 275 - 1708 36.6 - 331
Ag (mg/I) 0.0004 - 0.045 0.0003 - 0.06 0.0001 - 0.04
As (mg)/l) 0.0021 - 2.11 0.8 - 7.3 0.00059 - 2.046
Ba (mg/l) <0.02 - 79 0.11 - 1.0 <0.02 - 0.5
Cd (mg/l) <0.0002 - 0.04 0.002-0.05 <0.00005 - 0.06
Cr (mg/l) 0.008 - 023 0.04 - 0.74 0.008 - 0.39
Hg (mg/l) <0.000005 - 0.020 0.000011 - 0.5 <0.000001 - 25.0
Pb (mg/l) <0001 - 0.09 <0.001 - 02 <0.00001 - 0.7
Se (mg/l) 0.14 - 125 0.1 - 1.41 0.0001 - 1.56
Bituminous C o a l Bottom Ash
Analysis
ASTM 'A' (5) ASTM 'B‘ (5) EPA E.P. (5)
pH 3.41 - 8.6 4.5 - 4.81 4.75 - 5.3
Ca (mg/l) 8.0 - 210.0 30.0 - 320.0 12 - 110.0
Ag (mg/l) <0.01 - <0.05 <0.01 - <0.05 <0.01 - <0.05
As (mg)/l) 0.006 - 0.2 <0.002 - 0.4 0.007 - <0.4
Ba (nng/l) 0.04 - 02 <025 - 0.52 <0.1 - 0.13
Cd (mg/l) <0.003 - <0.05 0.004 - <0.05 <0.003 - <0.05
Cr (mg/l) <0.01 - <0.05 <0.01 - <0.05 <0.01 - <0.05
Hg (mg/l) 0.0003 - <0.005 0.0001 - <0.005 0.0003 - <0.005
Pb (mg/l) <0.01 - <02 0.018 - <0.15 <0.1 - <0.5
Se (mg/l) 0.070 - <0.1 0.002 - <0.5 <0.01 - <0.2
Bituminous Coal Boiler Slag
Analysis ASTM *A* (3) ASTM *B* (3) EPA E.P. (3)
PH 340 - 65 4.44 - 4.6 3.6 - 4.8
Ca (mg/l) 4 - 40 5-51 1-115
Ag (mg/l) 0.01 - <0.05 <0.01 - <0.05 0.02 - <0.05
As (mg)/l) 0002 - 02 <0.002 - 0.6 <0.01 - <0.4
Ba (mg/l) 0.07 - <025 0.09 - 0.75 0.01
Cd (mg/l) <0.01 - <0.05 <0.01 - <0.05 0.03 - <0.05
Cr (mg/l) <0.01 - <0.05 <0.01 - <0.05 <0.01 - 0.02
Hg (mg/l) <0.0001 - <0.005 0.0001 - <0.005 0.0004 - <0.005
Pb (mg/l) <0.01 -02 0.015 - <0.15 <0.1 - 0.3
Se (mg/l) <0.01 - <0.5 <0.01 - <0.5 <0.01 - <0.2
Lignite C oa l Fly Ash
Analysis ASTM 'A' (7) ASTM *B' (7) EPA E.P. (7)
pH 11.34 - 12.3 5.6 - 12.3 4.95 - 11.45
Ca (mg/l) 190 - 538 200 - 1500 310 - 1300
Ag (mg/l) <0.009 - 0.04 0.007 - 0.04 <0.009 - 0.04
As (mg)/l) <3.01 - 02 <0.01 - 0.65 0.004 - 1.8
Ba (mg/l) 0.1 - 1.069 0.1 - 1.31 0.01 - 1.98
Cd (mg/l) 0.006 - <0.5 0.0013 - <0.5 <0.01 - 0.58
Cr (mg/l) <0.01 - 0.78 <0.01 - <0.56 0.031 - 0.15
Hg (mg/l) <0.001 - <0.005 <0.0001 - <0.005 <0.0001 - <0.005
Pb (mg/l) <0.00972 - <0.1 0.0047 - <0.1 <0.001 - 0.4
Se (mg/l) 0.0693 - 1.0 0.06 - 1.5 0.0176 - 1.0
Table 2.5 (continued) Results of Leachate Tests on Fly Ash
Subbitumlnous C o a l Fly Ash
Analysis ASTM ’A' (4) ASTM *B‘ (4) EPA E.P. (4)
pH I2.l - 13.3 12.01 -13.3 523 - 12.55
Ca (mg/l) 2 2 - noo 682 - 1900 682 - 2X0
Ag (mg/l) <0.01 - 0.09 <0.01 - 0.08 <0.01 - 0.08
As (mg)/l) <0.002 - 0.03 0.003 - 0.4 <0.002 - 0.5
Ba (mg/l) 0.1 - 100 0.4- 125 0.3 - 0.94
Cd (mg/l) <0.01 - <0.05 <0.01 - <0.05 <0.01 - <0.05
Cr (mg/l) <0.01 - 0.10 <0.01 - <0.25 <0.01 - 0.39
Hg (mg/l) 00001 - 0.08 <0.0001 - 0.11 <00001 - 0.08
Pb (mg/l) <0.01 -0.1 <0.01 - 02 <001 - 0.3
Se (mg/l) <0.01 -<0.5 0.032 - 0.3 <0.002 - 0.5
Number in parentheses is the number of laboratories reporting an anlysis of the ash 
Source: EPRi. (1979) '
2.2 CHEMICAL REACTIONS OF FLY ASH AND RRT.ATED MATERIALS
The term 'pozzolanic' is used to describe the 
cementitious reaction in fly ash hardening. A pozzolanic 
reaction is one in which magnesium oxide or lime combines 
with glassy silicates or aluminates in the presence of water 
forming a gel of microcrystalline compounds (Minnick, 
December, 1971). A pozzolan has been defined as a silicious 
or aluminous material which will combine with lime and water 
to form cementitious compounds (Lea, 1971). One more 
characteristic of pozzolanic reactions is that they progress 
at much slower rate than regular cement reactions. Ravindra 
(1986) stated that the reaction begins quickly but requires 
an extended period of moist curing to develop full strength. 
Sherwood et al., (1966) found five factors in determining the 
pozzolanic activity of an ash. 123*5
1. Carbon content
2. Specific gravity
3. Combined silica and alumina content
4- Water soluble content
5. Surface area
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Low carbon content, high surface area, a high fraction 
of ash in the specific gravity range 2.1 to 2.7, high 
combined silica and alumina content and high water soluble 
content were favorable for pozzolanic reactivity. Ravindra 
(1986) discussed that high surface area usually results in 
greater chemical reactivity and this factor relates to 
cement. Sutherland (1969) and Gray (1972) have cited that 
free lime content is primarily responsible for pozzolanic 
activity in the ash. Although the basic pozzolanic reaction 
resembles the long-term hardening reaction of cement, a 
counterpart to the initial set reaction in cement may also 
occur if gypsum is present in the fly ash or is artificially 
added. This reaction involves the formation of calcium 
sulfoaluminates as explained by Minnick (1971).
2.3 FLY ASH COMBINED WITH INORGANIC SLUDGES
The use of fly ash alone or combined with lime, cement, 
or soil in structural fills has been practiced for several 
years. The fly ash has also been successfully combined with 
waste industrial sludges, especially calcium sulfate sludges. 
Minnick (1971, 1973 & 1974) has extensively investigated
mixtures of fly ash, lime and waste sludge. Perhaps the best 
known example of this material in use is the 530,000yd2 
Transpo '72 parking lot at John Foster Dulles Airport in 
Washington, D.C. (Anon., 1972). The material used was a 
variation of Minnick's Poz-O-Tec which is patented by G. and 
W.H. Carson, Inc., of Plymouth Meeting, Pa. The sulfate 
sludges were from hydrofluoric acid production, acid mine 
drainage (AMD) neutralisation, and sulfur dioxide scrubbers. 
The basic mixture was 2.5 percent lime, 2.0 percent calcium 
sulfate, 15 percent aggregate (limestone), and 80.5 percenta 
fly ash (Minnick, 1971). Compressive strength greater than 
2756 KPa after 28 days and permeability of 10"^cm/sec were 
achieved using the waste sludge from hydrofluoric acid 
production (Brink, 1973). Minnick (1971) reported strength
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development continued to about 6890 KPa after one year. 
Brink (1973) suggested that the hydrofluoric acid sludge was 
superior probably because of its purity. This sludge was 
nearly 100 percent dry anhydrous calcium sulphate, while the 
other two sludges were not and contained a high proportion of 
impurities. The AMD sludge was about 50 percent iron and 
aluminium hydroxide and calcium carbonate while the scrubber 
sludge contained about 40 percent fly ash and 15 percent 
calcium carbonate. Performance was compared on the basis of 
amount of calcium sulphate actually added. Minnick (1974) 
pointed out that only a small amount of calcium sulphate was 
used in this instance due to the relative availability of raw 
materials at the construction site, but in general 
considerably more sulphate could be used.
The basic reactions occurring in this process were 
explained by (Minnick, 1971) as follows:
1. Reaction of lime with soluble sulphates present in the 
fly ash forming crystalline structures within a few 
days.
2. Reaction of lime, sulphates, and iron or aluminium 
oxides forming complex sulfoferrites or sulfoaluminates 
which contain up to 50 percent water by weight within 
the crystallion structure. This reaction proceeds 
slower than the first but is substantial after 14 to 28 
days.
3. Pozzolanic reaction between residual lime or magnesium
oxide with silica of fly ash forming microcrystalline 
silicates that act as a binder. This reaction proceeds 
even more slowly extending over a period of months. ;
The first reaction is essentially the forming of 
hydrated calcium sulfate which virtually encapsulates any 
free water present and the associated soluble materials. 
This results in the prevention of leaching and a sharp
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decrease in permeability. The second reaction is comparable 
to the initial set reaction in cement discussed previously 
and is thought to be responsible for much of the early 
strength of the mixture.
Minnick (1973) also noted that leachable ions can 
migrate into the lattice complexes of a cementitious 
structure and become bound. For example a lime-alkali-silica 
complex results from diffusions of (NaOH) or (KOH) into lime 
hydrous silica and the Na+ or K+ ions become bound. Minnick 
(1973) concluded that sulfate is the key component for a 
rapid ambient temperature cure and that organics may impede 
the reaction.
2.4 SEWAGE SLUDGE CHARACTERISTICS
General characteristics of wastewater sludge are as 
follows: reported values of mixed sludge dry solids, specific 
gravities range from 1 .4 to 2 .1 , while the overall sludge 
specific gravities range from 1.0032 to 1.054 (Campbell et 
al., 1975). Dick (1972) found the specific gravity of dry 
activated sludge solids to be 1.08.
In a thorough investigation of the influence of particle 
size on sludge dewaterability, Karr (1976) fractionated 
several different sludges using the following scheme:
sludge
A,
1 00 pm mesh
(flocculate 15 min)
settle for 1 hr
1 . 0 pm membrane 
*
0. 001 pm membrane -* 
dissolved solids and water
rigid settleable solids
fragile settleable solids 
supracolloidal solids 
true colloidal solids
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Upon that scheme Karr (1976) shows characteristics of 
three sludges, particle size and dewaterability (Table 2.6).
For a typical activated sludge, the water is distributed 
as shown in Table 2.7. This method of classifying water in a 
sludge might eventually be used to evaluate the applicability 
of a specific thickening or dewatering operation to a sludge.
Sludge rheology varies widely. Rheological data of some 
sludges are described in Table 2.8. Obviously, the sludge 
temperature and solids concentration will greatly influence 
the rheological properties. It is interesting that there are 
very little rheological data available in the literature, and 
what does exist shows a wide variation in rheological 
properties among sludges. Thus it seems possible that 
rheological properties could be used increasingly in the 
future in both plant control and research.
Table 2.6 Characteristics of Three Sludges: Particle Sizes and Dewaterability (Karr, 1976)
Type of Sludge
Raw Primary Sludge Activated Sludge Mixed Digested 
(Anaerobic) Sludge
Specific Resistance 
(m/kg)
21 x 1014 4.8 x 1013 9.3 x 10w
CST (see) 17 14 144
Total Solids (mg/l) 9£8 8841 10266
Rigid Settieable 
(% of total)
6452 1920 3374
Fragile Settieable 
(% of total)
2220 6587 4064
Supracolloidal 
(% of total)
355 83 1977 *
True Colloidal 
(% of total)
45 7 301
Dissolved 
(% of total)
S2> 243 540
Table 2.7 Distribution of Water in an Activated Sludge (Vesilind 1979)
% Volume
, Free Water 75
Floe Water 2D
Capillary Water 2
Bound Water 2.5
Solids 0.5
Total 100%
Table 2.8 Typical Sludge Rheological Properties
Sludge Temp. (°C) Solids
Concentration
(%)
Yield Strength 
(dynes/cm2)
Plastic 
Viscosity 
(g/cm sec)
Source
Water 2D 0 0 001
Raw Primary V 6.7 43 028 Babbit & 
Caldwell (1939)
Mixed
Digested
17 10 15 0.92 Dick & Ewing 
(1972)
Activated A X 04 01 006 Dick & Ewing 
(1967)
Activated B X Q4 0.07 005 Dick & Ewing 
(1967)
Activated C X 02 02 007 Dick & Ewing 
(1967)
Sludges from wastewater treatment plants contain 
percentages of nutrients, as shown by some typical values in 
Table 2.9. Table 2.10 lists some typical values for heavy 
metals and chlorinated hydrocarbons. This variability in 
trace element concentration depends on the type of wastewater 
collected, sources of industrial wastes, types and age of 
plumbing being used, the type and amount of treatment 
received, and other factors.
Table 2.9 Typical Nutrient Concentration of Domestic Wastewater Sludges
Sludge
% Nitrogen 
(N)
% Phosphorus 
(P2Q5)
% Potassium 
(K20) Source
Raw Primary 2.4 1.1 - Bud (1968)
Raw Primary 2.9 1.6 - Bud (1968)
Raw Primary 3.0 1.6 04 Metcalf 8c Eddy (1972)
Trickling Filter 2.9 28 - Anderson (1959)
Trickling Filter 3.0 3.0 05 Metcalf 8c Eddy (1972)
Activated 5.6 7.0 0.56 Anderson (1959)
Activated 3.5 28 - Bud (1968)
Activated 3.0 3.6 - Bud (1968)
Activated 5.6 5.7 . 0.4 Metcalf 8c Eddy (1972)
Mixed Digested 5.9 3.5 - Bud (1968)
Mixed Digested 2.0 1.4 0.14 Bud (1968)
Mixed Digested 2.5 12 02 Bud (1968)
Mixed Digested 4.6 1-4 0.38 Metcalf 8c Eddy (1972)
Mixed Digested 1.8 3.5 0.18 Lynam etal. (1972)
Mixed Digested 2.5 3.3 0.40 Anderson (1959)
Mixed Digested 3.7 1.7 04 Metcalf 8c Eddy (1972)
Metal
Table 2.10 Concentral
Sludge No.
lions of Various Chemicals in Sewage Sludge (Sommers, 1977)
Range Median Mean
(mg/kg)b
Cd 1 109 - 372 170 210
2 4-39 15 19
3 483 - 1.177 806 846
4 3- 150 40 53
5 24 - 756 663 503
6 12 - 163 12 43
7 22 - 256 151 136
8 11 -32 11 ‘16
Qj 1 4083 - 7,174 6525 6079
2 5.741 - 11.875 8386 8381
3 2J081 - 3510 2390 2594
. 4 452-802 683 662
5 391 - 6,973 476 1,747
6 300 - 1800 682 778
7 422 - 1392 894 871
8 979 - 1475 1.144 1.154
Ni 1 1,932 - 4316 . 3543 3.181
2 663 -1351 1J353 1015
3 468 - 812 651 649
4 75 - 219 95 119
5 40 - 797 86 252
6 46 - 92 88 81
7 47 -547 367 349
8 65 - 93 7? 80
a 'Other' includes lagooned, primary, tertiary and unspecified sludges. "Air signifies dâ a for all types of sludges. 
b Oven-dry basis
Table 2.10 Concentrations of Various Chemicals In Sewage Sludge (Sommes, 1977) (continued)
Scmae Range Mecicr Mean
Comoonent Tyoea Numcer C % )
K Anaerobic 86 0.02 - 2.64 330 0.52
Aerobic 37 0.C8 - 1.10 338 0.45
Cther 69 0.02 - 0.87 3.17 0.23
All 192 0.02 - 2.64 3.30 0.40
Na Anaerobic 73 0.01 - 2.19 3.73 0.70
Aerobic 36 0.03 - 3.07 3./ / 1.11
Other 67 0.01 - 0.96 3.11 0.13
Al 176 0.01 - 3.07 3.24 0.57
Ca Anaerobic 87 1.9 - 20.0 49 5.8
Aerobic 37 0.6 - 13.5 3.0 3.3
ether 6? 0.1 - 25.0 3.4 4.6
Al 193 0.1 - 25.0 3.9 4.9
Mg Anaerobic 87 0.03 - 1.92 3.48 0.58
AeroDic 37 0.03 - 1.10 0A1 0.52
ether 65 0.03 - 1.97 0.43 0.50
Al 109 0.03 - 1.97 0.45 0.54
Ba Anaerobic 27 <0.01 - 0.90 3.05 0.C8
Aerobic 10 <0.01 - 0.03 002 0.02
ether 23 <0.01 - 0.44 <0.01 Ö.04
Al 60 <0.01 - 0.90 302 0.06
Fe Anaerobic % 0.1 -15.3 12 1.6
Aerobic 38 0.1 - 4.0 '0 1.1
ether 31 <0.1 - 4.2 3.1 0.8
Al 165 <0.1 - 15.3 1.1 1.3
Al Anaerobic 73 ' 0.1- 13.5 05 1.7
Aerobic 37 0.1 - 2.3 0.4 0.7
Other 23 0.1 - 2.6 0.1 03
All 133 0.1 - 135 3.4 12
Samóle Range Mea:cn Mean
Ccmoonent Tvoea NumDer (mc/<c)
Mn Anaerobic 81 58 - 7.100 280 430
Aerobic 38 55 - 1.120 343 420
Other 24 18 - 1340 118 250
All 143 18 - 7,100 260 380
B Anaerobic 62 12- 760 36 97
Aerobic 29 17-74 33 40
Other 18 4-700 ■6 6?
All 10? 4-760 23 77
As Anaerobic 3 10-230 116 119
Aerobic - - - _
Other 7 6- 18 9 11
Al 10 6 - 230 'w 43
Co Anaerobic 4 3 - 18 70 8.8
Aerobic - -
Other ■ 9 i - n 40 4.3
Al 13 1 -18 40 5.3
Mo Anaerobic 0 24 - 30 33 29
AeroDic 3 30 - 30 33 30
Other 17 5 - 39 TT. 27
Al 2? 5 - 39 33 28
Hg Anaerobic 35 0.5 - 10500 5 1.100
Aerobic 23 1.0 - 22 5 7Other 23 2.0 - 5300 5 810
Al 78 0.2 - 10500 5 733
a ’Other* includes lagooned. primary, tertiary and unspecified sludges. *AI* 
b Oven-dry basis
signifies data for all types of sludge
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Aside from the introduction of particular industrial 
wastes, the most important of these factors is probably the 
amount of wastewater treatment received. Generally, the more 
treatment received the more metals are removed and 
concentrated in the sludge. Typical percent removals in 
primary treatment reported by Brown et. al., (1973) were as 
follows :
Element % Removed
Chromium 19-39
Copper 12-70
Niqkel 8-48
Lead 28-67
Zinc 22- 68
The wide variations may be due to difference in metal 
forms, influent concentrations, wastewater characteristics, 
and operational parameters such as detention time. 
Additional percent removals in biological secondary treatment 
by William (1983) on Table 2.11.
Table 2.11 Typical Heavy Metal Removal Efficiencies in 
Biological Secondary Treatment (William 1983)
Metal Removal from Wastewater 
Range
Percent Influent 
Typical Value
Copper 0 to 80 dD
Zinc 30 to 97 10
Chromium 19 to 86 73
Nickel 1 to 76 3D
Lead 43 to 93 83
Cadium 11 to 80
Thus one would expect combined sludge from primary and 
secondary treatment to have a higher metals content than 
sludge from primary treatment alone.
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Nearly all of the trace metals in sludge are associated 
with particulate matter rather than appearing in solutions. 
Chen (1974) reported that 60 to 85 percent of the trace 
elements in digested sludge were removed by centrifugation at 
750g for ten minutes, and of those remaining in the centrate, 
55 to 75 percent were associated with particles greater than 
three microns.
2.5 ENVIRONMENTAL HAZARDS FROM LAND DISPOSAL OF SLUDGE AND 
FLY ASH
2.5.1 Sludge
Land disposal of sewage and residuals appears to be an 
acceptable method for the utilization and disposal of sludge. 
However, serious health risks may exist from this approach, 
especially with land application. The principal hazards are 
disease transmittal through the survival of pathogens, 
toxicity from heavy metals and trace elements, and excess 
nitrogen entering the ground water.
In this regard reference is now made to a detailed field 
study by Award, A.S. and Karsen, 0. (1986). A 10 ha site at 
Glenfield N.S.W. has been divided into 24 test strips and 
sown to forage crops. The site is being treated with sewage 
sludge from treatment works at 2 rates to simulate a 30 year 
cycle of applications. Controls are provided to enable 
comparison with conventional fertiliser treatments equivalent 
to the estimated contribution from the low sludge treatment. 
Forage yield is determined at 6 monthly intervals. Soils and 
foliage are analyzed for a wide range of heavy metals and 
other cations and anions. In addition, a grazing experiment* 
(2 x 1 ha of high sludge, 2 x 1 ha of fertilised control), 
(stocked with 30 ewes) is being conducted to determine animal 
production and health, as well as heavy metals and pesticide 
accumulation in milk and animal tissue. Results showed that
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sludge application has increased the yield of forage crops 
(cowpeas, Japanese millet and oats). In addition it produced 
significantly higher plant growth than equivalent 
conventional inorganic fertilizers. The addition of sludge 
to the soil has increased total carbon (from 2 . 5  to 3 .2%) 
together with available phosphorus (from 11 to 98pg/g) and 
exchangeable calcium (from 5.3 to 7.1m equiv. %). Heavy 
metals concentration in vegetative growth have increased. In 
spite of 2.3 fold increase in the concentration of Ni, Cu and 
Zn in plant tissue, their concentrations are still far from 
the critical concentrations which may affect plant growth or 
animal health. With the exception of cadmium, cowpeas 
accumulated much higher concentrations of heavy metals than 
Japanese millet. In addition, lime has significantly 
decreased heavy metals uptake accumulation in both plant 
species. Selection of plant species and liming may represent 
2 methods by which the accumulation of heavy metal in 
vegetative growth can be effectively controlled (Awad, A.S. 
and Karsen, 0. 1986).
Many studies have shown antagonistic relationships among 
Zn, Mn, Fe and some heavy elements such as Cd in a wide 
variety of crops grown in different soil environments. 
(Singh and Stunberg 1974) observed a remarkable reduction in 
Mn content taken by corn and barley plants grown in Zn- 
deficient soil due to Zn application. However, (Singh and 
Lage 1977), reported that Mn concentration and uptake by 
barley grown on Zn-polluted soil increased with increasing 
level of applied Zn, whereas the concentration and uptake of 
Fe remains unaffected. In contrast Watanable et al. ( 1965)
indicated that Zn application induced Fe deficiency.
Although, Cd-Zn interactions had drawn the attention of, 
the investigators, but other interactions of Cd seems to be 
more important in plants. For instance, Cd depressed the Mn 
uptake by plants (Root et al., 1975). However Koroak and
Fanning (1981) found that application of Zn and Cd sulfates
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to corn plots resulted in an increase in Mn levels which was 
found to be positively connected to the levels of applied 
heavy metals.
An experiment was conducted under greenhouse conditions 
with Zn-deficient soil to evaluate and assess the effects of 
soil pollution with Zn and/or Cd on the uptake of Fe and Mn 
by corn and swiss chard plants. Zinc was added as ZnSO^ in 
amounts equivalent to 0, 10 and 50mg Zn/Kg. While Cd was 
added in the form of Cd(N03 ) 2 at rates of 0, 1 . 0 and 1 0 .Omg 
Cd/Kg.
Zn addition generally depressed the uptake of Fe and Mn 
by corn plants and residual affect on the Mn alone in the 
case of swiss chard. Cadmium exhibited inconsistent trends 
on the uptake of Fe and Mn by corn and Fe by swiss chard, 
while a remarkable depressive effect on Mn was observed in 
case of swiss chard.
The mobility of Fe and Mn in corn plants and Mn in swiss 
chard was materially restricted by Zn application. Cadmium 
particularly at high rate (10mg/Kg) depressed the 
translocation of Fe and Mn in corn and Mn in swiss chard (Abd 
El-Sabour 1988).
Beef steers were fed digested municipal sludges 
incorporated into feedlot diets and feeds (corn grain, forage 
sorghum silagis, and bahiagrass pastures) produced on land 
treated with sludge to determine the effects on animal 
performance, carcass quality, and concentrations of selected 
metals in liver, muscle, and kidney tissues. The performance 
and carcass data of treated steers in all of the studies were 
not different from the data obtained with the control steers. %
The feeding of dried pensacola liquid digested sludge 
(DPS) in the diets of steers and the consumption of forages 
produced on land treated with DPS consistently decreased the
-24-
liver tissue concentration of copper (Cu). This suggested 
that the DPS had a detrimental effect at the absorption site 
or on the liver storage mechanism for Cu. The liver data 
indicated that iron (Fe) absorption and/or storage was also 
affected. There were some accumulations of lead (Pb) in both 
kidney and liver tissues of steers fed DPS in their diets.
Accumulations of cadmium (Cd) and Pb in liver and kidney 
tissues were observed from feeding the diet containing dried 
Chicago digested sludge (CDS), which was considered to be a 
high Cd sludge. Since Cd exposure can cause kidney damage, 
the Cd content of a sewage sludge could determine the amount 
that may be safely applied to agricultural land.
There were no differences among treatments in the 
concentrations of selected metals in muscle tissues. The 
concentrations were all within presently acceptable tolerance 
or guideline limits (Bertrand, J.E. et al., 1980).
Samples of sludge, feed, feces, and animal tissues 
(kidney, liver, spleen, and blood) were analyzed for 
pathogenic bacteria. Kidney, liver, spleen, and blood 
samples were tested for the presence of bacteria in general, 
(including mycobacteria), while analysis of sludge, feces, 
and feed was restricted to pathogenic enteric bacteria. 
Since large numbers of bacteria were isolated from tissue 
samples, identification of most isolates was superficial. 
However, gram negative rods were subjected to more detailed 
analysis using selective screening media, and the "Entiro 
tube II" system. Non-lactose fermenting, gram negative rods 
from feces, feed, and sludge were also identified using the 
"Entiro tube II" system.
Contamination was a major problem with tissue samples 
taken under slaughterhouse conditions. The same was true 
with blood samples taken at the farm site. No enteric 
pathogens or mycobacteria were isolated from these kinds of
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samples. There was one isolation of staphylococcus aureus 
from 612 blood samples, one isolate of S. aureus from 96 
tissue necropsy samples, and two isolations of strepto-coccus 
pyogenes from the latter tissue samples. The S. aureus and 
St. pyogenes were isolated from different animals.
Two group B salmonella enritidis isolates were obtained 
from feces of animals fed on a sludge amended diet, and three 
groups CS. Enteritidis isolations were made from the same 
group, but at a later date. There were 208 samples in the 
group (Hoffman et al. 1980).
2.5.2 Fly Ash
The single hazard of land disposal of fly ash mentioned 
most often (Horvath, 1974) is the potential for boron 
toxicity. It has been reported (CEGB1967) that toxic effects 
on plants are minimal if boron concentration in the ash are 
less than 25 ppm, however, the federal guideline list 1.0 ppm 
as the limit for boron in public water supplies. (Barber 
1973 and Martens 1971) also noted potential problems from the 
high levels of soluble salts and possible phosphorous 
deficiency due to the reaction of this nutrient with iron and 
aluminium in the ash. Other elements which may reach toxic 
levels include molybdenum (Horvath 1974), arsenic (Hensey 
1975) and aluminium and manganese (Martens 1971).
As pointed out by Di Gioia et al (1974) both surface 
water and ground water quality can be affected by leaching 
from a fly ash disposal site.
David and Sam (1977) reported that the potential for, 
water quality problems caused by the fly ash studies was 
found to be limited to a high pH, alkalinity and hardness. 
The maximum values of these parameters was found to be pH
11.2, alkalinity 580mg/l, and hardness 640mg/l. All values
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decreased with increasing volume of water passed through the 
permeameter. Alkalinity, pH, and hardness are the same 
parameters that are affeGted by lime. Therefore, it is felt 
that the use of fly ash to stabilize soils presents no more 
hazard to water quality than the use of lime.
2-6 FLY ASH COMBINED WITH WASTEWATER SLUDGE
Observation has shown that if sludge in drying beds is 
allowed to freeze during the winter: its dewatering 
characteristics will improve once it has thawed. Laboratory 
studies have shown that freezing can, in fact, lower the 
resistance to filtration considerably. This realization 
caused the predictable rush to produce freeze-conditioning 
systems for sludge dewatering. Unfortunately, the freezing 
process must be very slow so the water within the cells is 
allowed to crystallize and squeeze the solids into compact 
granules thereby making the sludge more easily dewatered once 
thawed. All practical commercial freezers were too fast and 
did not allow for the necessary crystallization. Although 
mechanical freezing does not hold much promise for the 
future, the use of natural cold for freeze conditioning has 
been successful (Mahoney and Duensing, 1972).
It has also been suggested that sludge conditioners such 
as newspaper pulp (Carden and Malina, 1968) and fly ash 
(Mochle, 1967) can be used to condition sludge prior to 
dewatering.
Smith et al. (1972) recognized that ash from sludge
solids incineration could be beneficial in dewatering. The 
idea was attractive because transportation was not involved - % 
the ash was produced at the plant.
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A full-scale plant in Cedar Rapids, Iowa, uses fly ash 
from both power generation and sludge combustion to precoat 
pressure filters and as a sludge conditioner. The digested 
secondary sludge dewaters to 48% solids, with impressive 
filter yields (Gerlich and Rockwell, 1973).
At Indianapolis, raw primary and secondary sludges are 
successfully dewatered on vacuum filters using incinerator 
fly ash for conditioning. The ratio of fly ash to dry sludge 
solids (Weight: Weight) is about 1:2. The filtration 
characteristics before and after conditioning with fly ash 
are shown in Table 2.12.
Table 2.12 Filtration Performance Before and After Fly Ash Conditioning (Smith, 1972)
Before After
Filter Yield, lb solids/ft 2/hr 1 to2 55Cake Solids, % 15
Polymer Requirement, Ib/ton of solids 15
Cake Release poor excellent
These data are somewhat misleading, however with an ash: 
sludge solids ratio of 1 : 2  the produced sludge cake contains 
one-third fly ash, and the true filter yield (Kg sludge 
solids removed as cake/cm2/hr) is only 2/ 3 x 0.003 = 0 . 0 0 2  
Kg/cmz/hr. Care must be taken not to confuse the dewatering 
of the conditioner with sludge solids removal.
Fly ash has previously been added to sludge as a 
conditioner to aid dewatering by filtration. Tenney (1968) 
concluded that the sludge acts as a builder, forming a 
relatively incompressible lattice which supports the sludge 
particles during filtration. The optimum ash to sludge ratio 
was about 1:4 for an industrial sludge (Mochle, 1967), 1:1, 
for digested biological sludge (Tenney and Echelberger, 
1970), and 1:10 for undigested biological sludge. It was 
noted that the filtrate had less organics and phosphate after
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fly ash conditioning (Gerlich, 1973). This suggests that 
leachate from a compacted ash—sludge fill might be improved 
relative to leachate from the uncombined materials.
There has been very little reported data on combining 
fly ash and sludge for applications. Kawam, et al. (1975) 
investigated the feasibility of stabilizing old sludge 
lagoons with fly ash, lime, waste calcium sulfate and nearby 
soils to allow the construction of an interstate highway 
through the sludge lagoons. The sludge was added at its 
natural solids content in the amount necessary to give 
optimum moisture for the mixture. This resulted in mixtures 
with about ten percent sludge on a dry weight basis. The 
lime:sulfate ratio was fixed at 1 : 2 based on previous studies 
the lime content was varied from three to eight percent. 
Unconfined compressive strengths of specimens compacted at 
optimum moisture ranged from 137 to 413 KPa initially 
increasing to 4134 to 11713 KPa without sludge and to 137 to 
2411 KPa with sludge after curing 28 days. The coefficient 
of permeability varied from 6 x 1 0 " 8 to 4 x 1 0“5cm/sec after 
curing period of seven days. Leachates formed during the 
permeability tests were analyzed with the following results:
Parameter Concentration
PH 10.6 - 12.5
Calcium 168-2480 mg/ 1
Sulfate 10-2106 mg/ 1
Fluoride 0.5-3 mg/1
Cadmium <0.05 mg/1
Copper <0.1-7 mg/1
Mercury <0.5-3 mg/1
Zinc <0.05-1 mg/1
Chromium <0.05-1 mg/1
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Since the relative amounts of solids and water involved 
in these samples was not specified, it was impossible to 
convert them to ppm dry weight. Kawam, et a l . (1975), 
concluded that mixtures suitable for embankments could be 
obtained but recommended a three-foot surface coating of 
conventional materials to prevent the possibility of freeze- 
thaw damage.
2-7 SUMMARY OF THE FINDINGS OF THE LITERATURE REVIEW
Fly ash is comprised of very fine particles, the 
majority of which are glassy spheres, scoria and some 
crystalline matter and carbon.
Fly ash contains large quantities of (SiC^), alumina 
(AI2O3 ) and ferric oxide ^ 6 3 0 3), and smaller quantities of 
various other oxides and alkalies. Fly ash from power 
generating plants can be effectively utilized in various ways 
such as additives to cement making processes, as soil 
improvement, in land fills and highway embankments.
One of the most significant environmental hazards of fly 
ash disposal site is that both surface water and ground water 
quality can be affected by leaching.
Wastewater sludge characteristics not only depends on 
the degree of treatment but also on the source of sludge 
effluent. it is clear that sludge is a very light weight 
material which also has a significant amount of heat value. 
Sewage sludge contains organic matter and plant nutrients and 
therefore it can be used as a soil conditioner. However, it 
can also contain chemical contaminants such as heavy metals
%
and toxic organics. High concentrations of zinc and copper 
may be a hazard to public health due to their potential to
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accumulate in the food chain. Plant damage from heavy metals 
is generally noticed at levels which may cause harm to 
humans.
However, high cadmium intakes may cause kidney damage in 
mammals at levels where crops are unaffected. Sludge also 
contains pathogenic micro-organisms which may cause disease 
if exposure levels are high.
Disposal of sludge solids is likewise a significant 
P^^klem. Conventional methods of disposal include barging to 
ocean, incineration, landfilling and spreading on 
agricultural land. Each of these disposal methods have 
serious shortcomings.
There has been no reported data on combining fly ash and 
sludge for any type of solidification applications. However, 
it was thought that mixtures of fly ash and sewage sludge may 
be suitable for combination together with an additive to make 
bricks.
CHAPTER THREE
SOLIDIFICATION APPROACH
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3.1 INTRODUCTION
Hazardous wastes have only recently been adequately 
described and given the attention they warrant and a great 
deal remains to be leaent about their management and 
disposal.
Hazardous wastes have been defined by the Environmental 
Protection Agency (1974) as wastes, or combinations of 
wastes, that pose a substantial present or potential hazard 
to human health or living organisms because:
(i) Such wastes are non-degradable or persistent in nature.
(ii) They can be biologically magnified.
(iii) They are noxious or toxic, or
(iv) They may cause, or tend to cause, detrimental 
cumulative effects.
In the last few years legislation has been directed 
toward ensuring proper treatment, control and disposal of 
hazardous industrial wastes. Emphasis has been placed upon 
the overall design of environmentally sound waste disposal 
systems, random and uncontrolled dumping of raw wastes is no 
longer an acceptable practice. Industry must concern itself 
with all aspects of disposal practices including soil and 
geologic features of the disposal site, run-off and 
groundwater contamination, bioaccumulation or biodegradation, 
and reclamation and/or final disposition of the site.
The traditional idea that hazardous wastes can be simply 
dumped or diluted has given way to the realization that all 
wastes ultimately are returned to the environment. There is 
a finite limit on the ability of the environment to absorb 
waste materials and remain unaltered. The approach discussed 
in this chapter is concerned about chemical fixing or 
isolating the hazardous materials in a solid, crystalline, or 
polymeric matrix so that the resulting monolithic solid mass 
can be safely handled, transported and disposed off using 
established methods of landfilling or burial.
3.2 FIXATION TECHNOLOGY
There exist a large number of fixation methods which are 
now available or are under development, all having as their 
goal the safe, ultimate disposal of hazardous wastes. 
Ultimate disposal implies the final disposition of 
persistent, nondegradable cumulative and/or harmful wastes. 
Three primary goals of fixation of hazardous waste for 
ultimate disposal generally are:
(1) To improve the handling and physical characteristics of 
the waste.
(2) Decrease the surface area across which transfer and 
loss of contained pollutants can occur.
(3) Limit the solubility of any pollutants contained in the 
waste.
These goals can be met in a variety of ways, but not all 
techniques attempt to meet all three goals. Thus, individual 
fixation techniques may solve one particular set of problems 
but be completely unsatisfactory for others.
The important attributes, advantages and disadvantages 
of the following major categories of industrial waste 
fixation systems are discussed in this section: 1
(1 ) Cement-based techniques
(2 ) Lime-based techniques
(3) Thermoplastic techniques
(4) Organic polymer techniques
(5) Encapsulation techniques
(6) Self-cementing techniques
(7) Glassification
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Since these waste fixation systems vary widely in their 
applicability, cost and pretreatment requirements, many are 
limited as to the types of waste that can be economically 
processed. Selection of any particular technique for waste 
fixation must include careful consideration of the 
containment required, the. cost of processing, the increase in 
bulk of material and the changes in handling characteristics. 
The design and location of any landfill that will eventually 
receive the fixed waste is also a major consideration in 
deciding on the degree of containment and the physical 
properties which will be required.
3.2.1 Cement—Based Techniques
Cement-based waste fixation techniques owe much of their 
development to the use of this system in disposal of low- 
level radioactive waste (Moore et al., 1977).
Common cement or "Portland cement" is produced by firing 
a charge of limestone and clay or other silicates mixtures at 
a high temperature. The resulting clinker is ground to a 
fine powder to produce a cement that consists of about 50% 
tricalcium and 25% dicalcium silicates, 10% tricalcium 
aluminate and 10% tetracalcium aluminoferrite . The "cementation" 
process is brought about by the addition of water to the 
anhydrous cement powder. This first produces a colloidal 
calcium-silicate-hydrate gel of indefinite composition and 
structure. Hardening of the cement is a lengthy process 
brought about by the interlacing of thin, densely-packed, 
silicate fibrils growing from the individual cement 
particles. This fibrilliar matrix incorporates the added 
aggregates and/or wastes into a monolithic, rock-like mass. 
The success of the hardening process is affected by compounds 
such as sulfates, borates, salts of some metals, and a 
variety of organic compounds. Five types of Portland cements 
are generally recognized based upon variations in their 
chemical composition and physical properties (Bogue, 1955):
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(1) Type I is the "normal" cement of the building trade.
(2) Type II is used in the presence of moderate sulfate 
concentrations (150-1500mg/Kg).
(3) Type III has a high early strength and is used where a 
rapid set is required.
(4) Type IV develops a low heat of hydration and is used in 
large mass concrete work.
(5) Type V is a special low-alumina, sulfate-resistant 
cement used with high sulfate concentrations (>1500 
mg/Kg).
The types which have been used for waste fixation are 
Type I and to a much lesser extent Types II and V.
Most hazardous wastes slurried in water can be mixed 
directly with the cement and suspended solids will be 
incorporated into the rigid matrix of the hardened concrete. 
This procedure is especially effective for wastes with high 
levels of toxic metals since at the pH of the cement mixture 
most multivalent cations are converted to insoluble 
hydroxides or carbonates. Metal ions may also be taken into 
the crystal structure of the cement minerals that form. 
Materials in the waste such as sulfides, asbestos, latex, and 
solid plastic wastes may actually increase the strength and 
stability of the waste concrete. However, the presence of 
certain inorganic compounds in the hazardous waste and the 
mixing waters can be deleterious to the setting and curing of 
the waste-concrete mix (Bogue, 1955). Impurities such as 
organic materials, silt, clay, coal or lignite may delay 
setting and curing of common Portland cement for as long as 
several days. All insoluble materials passing through a 
No.200 sieve (< 7 4 micron particle size) are undesirable as 
they may be present as dust or may coat the larger
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particulates weakening the bond between the particles and the 
cement. Salts of manganese, tin, zinc, copper and lead may 
cause large variations in setting time and significant 
reductions in physical strength-salts of zinc, copper and 
lead being the most detrimental. Other compounds which are 
especially active as retarders of the setting of Portland 
cement include sodium salts of arsenate, borate, phosphate, 
iodate, sulfide - even at concentrations as low as a few 
tenths of a percent of the weight of the cement used. 
Products containing large amounts of sulfate, such as the 
flue gas cleaning sludges, not only retard the setting of 
concrete but, by reacting to form calcium sulfoaluminate 
hydrate cause swelling and spalling in the solidified waste- 
concrete. The special low alumina (Type V) cement was 
developed for use in circumstances where high sulfate is 
encountered to prevent this reaction.
A number of additives have been developed for use with 
cement to improve the physical characteristics and decrease 
the leaching losses from the resulting fixed sludge. 
Experimental work on the fixation of radioactive waste has 
shown some improvement in cement-based fixation and retention 
of nuclear waste by adding clay or vermiculite as absorbents 
(Landreth & Mahloch, 1977). Sodium silicate has reportedly 
been used to bind contaminants in cement fixation processes, 
but this additive causes an increase in volume to occur 
during the setting of the cement-waste mixture (Holcomb & 
Goldberg, 1976).
Testing done indicates that a mixture of sodium silicate 
and Type II Portland cement produced a rapid set with no 
retardation from metallic ions (Columbo and Neilson, 1978). 
This sodium silicate appeared to precipitate most interfering 
ions in a gelatinous mass and so to remove interferences and 
speed setting. The development of a gel is important in the 
setting of the cement-waste-silicate mixture. Excessive 
mixing after the gel forms seems to cause slower setting and 
lesser final strength.
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A polymer-impregnation process have been developed 
(Holcomb & Goldberg, 1976), which can be used to decrease the 
permeability of concrete-sludge mixtures. The pores of the 
waste-concrete are filled by soaking in styrene monomer. The 
soaked material is then heated to bring about polymerization. 
This process results in significant increases in the strength 
and durability of the concrete-waste mixture. Surface 
coatings on concrete-waste composites have been examined 
extensively. The major problems encountered have been poor 
adhesion of the coating to the waste or lack of strength in 
the concrete material containing the waste. Surface coating 
materials that have been investigated include asphalt, 
asphalt emulsion, and vinyl (Burk, et al., 1974).
3.2.2 Lime-Based Techniques
Waste fixation techniques based on lime-products usually 
depend on the reaction of lime with a fine-grained silicous 
material and water to produce a concrete-like material. The 
most common pozzolanic type material used in waste treatment 
are fly ash, ground blast-furnace slag or cement-kiln dust. 
All of these materials are themselves waste products with 
little or no commercial value. The use of these waste 
products to consolidate another waste is often an advantage 
to the processor who can treat two waste streams at the same 
time. For example, the production of a pozzolanic reaction 
with power plant fly ash permits the flue gas cleaning sludge 
to be combined with normal fly ash output and lime along with 
other additives to produce an easily-handled solid.
3.2.3 Thermoplastic Techniques
Development of the use of thermoplastic fixation systems 
in radioactive waste disposal has led to a waste containment 
system that can be adapted to industrial wastes. In
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processing radioactive waste with bitumen, or other 
thermoplastic material, the waste is dried, heated and 
dispersed through a heated plastic matrix. The mixture is 
then cooled to solidify the mass, and is usually buried in a 
secondary containment system such as a steel drum. 
Variations of this fixation system can use other 
thermoplastic organic materials such as paraffin or 
polyethylene.
The process requires some specialized equipment to heat 
and mix the waste and plastic matrix, but equipment for 
mixing and extruding waste-plastic is readily available. The 
ratio of matrix to waste is generally quite high 1 : 1 to 1 : 2  
fixative to waste on a dry weight basis. The matrix and the 
dry waste must be mixed at temperatures ranging from 130°C to 
230°C depending on the melting characteristics of the 
material and type of equipment used.
A variant of this process uses an emulsified bitumen 
product which is mixed with the wet sludge. With this 
process the mixing can be done at any convenient temperature 
below the boiling point of the mixture. The overall mass 
must still be heated and dried before it is suitable for 
disposal. Ratios of emulsion to waste of 1:1 to 1:1.5 are 
necessary for adequate incorporation (Holcomb & Goldberg, 
1976).
. In many cases, the types of waste disposed rule out the 
use of any organic-based fixation technique. Organic 
chemicals that are solvents for the matrix obviously cannot 
be used directly in this disposal system. Strongly oxidizing 
salts, such as nitrates, chlorates, or perchlorates, will 
react with organic matrix materials and cause slow 
deterioration. At the elevated temperatures necessary for 
processing the matrix-oxidizer mixtures are extremely 
flammable.
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Leach testing undertaken on anhydrous salts embedded in 
bitumen as a matrix indicates that rehydration of the 
embedded compound can occur when the sample is soaked in 
water and can cause the asphalt or bitumen to split apart, 
greatly increasing the surface area and the rate of waste 
loss (Columbo & Neilson, 1978). Some salts (such as sodium 
sulfate) will naturally dehydrate at the temperatures 
required to make the bitumen plastic; so these easily 
dehydrated compounds must be avoided in thermoplastic 
stabilization.
3-2.4 Organic Polymer Techniques
Organic polymer techniques were developed as a response 
to the requirement for solidification of radioactive waste 
for transportation. The most thoroughly tested organic 
polymer solidification technique is the urea-formaldehyde 
system. The polymer is generally formed in a batch process 
where the wet or dry wastes are blended with a prepolymer in 
a waste receptacle (steel drum) or in a specially designed 
mixer. When these two components are thoroughly mixed, a 
catalyst is added and mixing is continued until the catalyst 
is thoroughly dispersed. Mixing is terminated before the 
polymer has formed and the resin waste mixture is transferred 
to a waste container if necessary. The polymerized material 
does not chemically combine with the waste; it forms a spongy 
mass that traps the solid particles. Any liquid associated 
with the waste will remain after polymerization. The polymer 
mass must often be dried before disposal.
Several organic polymer systems are available that are 
not based on urea-formaldehyde resin. Vinyl ester-styrene 
polymer systems have been used with radioactive waste 
(Columbo & Neilson, 1978).
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3-2.5 Encapsulation Techniques
All fixation systems depend on binding particles of 
waste material together, to the extent to which the binder 
coats the waste particles, the wastes are encapsulated. The 
systems addressed under encapsulation are those in which 
waste that has been bonded together is enclosed in a coating 
or jacket of inert material. A number of systems for coating 
solidified industrial wastes have been examined (Burk, et 
al., 1974). In most cases coated materials have suffered 
from lack of adhesion between coatings and bound wastes and 
lack of long-term integrity in the coating materials.
The encapsulation system requires that the waste 
material be thoroughly dried. The dried wastes are stirred 
into acetone solution of modified 1 , 2 polybutadrine for five 
minutes. The mixture is allowed to set for two hours. The 
optimum amount of binder is 3% to 4% of the fixed material on 
a dry weight basis. The coated material is placed in a 
mould, subjected to slight mechanical pressure, and heated to 
between 120°C and 200°C to produce fusion. The agglomerated 
material is a hard, tough, solid block. A 3.5mm thick 
polyethylene jacket is fused over the solid block and adheres 
to the polybutadrine binder. In a 360kg to 430kg block the 
polyethylene would amount to 4% of the fused waste on a 
weight basis (Lubowitz et al., 1977).
3.2.6 Self-Cementing Techniques
Some industrial wastes such as the flue gas cleaning or 
desulfurization sludges contain large amounts of calcium 
sulfate or calcium sulfite. A technology has been developed 
to treat these types of wastes so that they become self­
cementing. Usually a small portion (8-10% by weight) of the 
dewatered waste sulfite/sulfate sludge is calcined under 
carefully controlled conditions to produce a partially
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dehydrated cementitious calcium sulfate or sulfite. This 
calcined waste is then reintroduced into the waste sludge 
along with proprietary additives. Fly ash is added to adjust 
moisture content. The finished product is a hard, plaster­
like material with good handling characteristics and low 
permeability.
3.2.7 Glassification
Research and development has been conducted over 20 
years on the various aspects of glassification. Particular 
attention has been focused on solidification of radioactive 
wastes with either glass or other vitreous materials to 
provide a stable structure for deposition into geological 
repositories. .
The use of glass or glasslike materials provides a 
highly mobile solid form for the fixing of wastes. In 
addition, it provides a less leachable material, is 
chemically, thermally and radiolytically stable, and provides 
a suitable heat dissipating solid for geological isolation. 
Borosilicate glass is advantageous because of its relatively 
low temperatures of fusion, low corrosiveness to container 
material during formation, high retention of volatile species 
and low leaching rates. Two general processes have been 
developed for commercial use: in-can melting and continuous 
ceramic melting.
The in-can melting process, is a batch system using 
borosilicate glass. A calcined powder containing the waste 
material falls directly into a melter canister, along with a 
specially formulated frit. Frit composed of various ground 
chemically complex glasses acts as a flux to introduce 
soluble or unstable ingredients into the glass. The frit and 
calcined powder are fused at temperatures ranging from 1 000° 
- 1100°C in a staged operation.
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In-can melting offers advantages over continuous 
operations in that:
(1) A minimum of process steps are used.
(2) There is no transference of materials.
(3) All materials, except volatiles are incorporated into
the glass, and
(4) Disposable canisters can be used.
Continuous ceramic melting is similar in process to 
those presently employed in the commercial manufacturing of 
glass. This type of process provides a flexible system for 
accepting various calcined waste materials along with direct 
injection of liquid wastes into the furnace. The resulting 
glass is of high quality and production produces a minimum of 
emissions.
A prepared mixture of calcined waste material and frit 
are continuously introduced into the furnace. Fusion occurs 
at temperatures ranging from 1000°-1200°C in a refractory 
lined melter. Internal electrodes within the melter force 
electrical current through the glass causing it to act as an 
electrical resistance element. Molten glass is then allowed 
to flow from the furnace into containment vessels and allowed 
to cool (Pojasek, 1979).
Many of these processes discussed are applicable to a 
wide variety of wastes, while others are limited in their 
usage. Generally, testing is performed on the waste 
material with a variety of solidification methods and 
procedures to find the optimum solution. The advantages and 
disadvantages of the solidification processes currently used 
in industry are summarised and presented in Table 3.1.
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3-3 SPECIFIC SOLIDIFICATION PROCESSES
Most proprietary processes are capable of solidifying 
many waste materials and rendering them safe as construction 
materials.
3-3-1 Ceramics and Insulation
The uses in this class include glassceramics or sitalls 
in sheet glass, facings, blocks, tiles, insulators and 
pipings (Emery, 1976; Scholes, 1974) and glass fiber and 
foamed glass for insulation (Cahoon, 1972; Horiuchi, 1978). 
One of the more promising technologies appears to be the use 
of blast furnace slag to produce "slagsitall" , a 
glassceramic. All experience with this process in the Soviet 
Union and Rumania. Quartz sand, clay, sodium sulfate, carbon 
and crystallization catalysts are added to blast furnace 
slag, which may be still in the liquid state. If the slag is 
not cooled, the evolution of toxic hydrogen sulfide and 
sulfer dioxide gases resulting from water quenching of the 
slag is avoided (Kaplan, 1973). The resulting product has 
the major environmental advantage of being a relatively 
insoluble solid. Thus, the mobility of any toxic 
constituents of the slag has been reduced. Slagsitall is 
resistant to acid, and so it has been used as a flooring in 
chemical plants in the Soviet Union. It is subject to 
alkaline attack, however.
3.3.2 Concrete
One of real success stories in this area is the use of 
fly ash and other waste materials in the cement industry (Ash 
Utilization, 1974; Tripodi, 1980; USWAG, 1982). Fly ash may 
be used in various stages in the manufacture of Portland 
cement and/or as an admixture in the concrete. Its
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advantages in decreasing heat of hydration, improving 
workability, and increasing resistance to sulfate attack are 
well documented. A number of other waste materials are under 
consideration or currently in small scale use in this 
application. The use of flue gas desulfurization by-product 
(abatement gypsum) as a set retarder in the manufacture of 
Portland cement appears to be quite viable (EPRI 1980). 
Another promising material is the fly ash and waste sorbent 
from fluidized bed combustion, which may be substituted (U.S. 
EPA 1979) for small amounts of Portland cement in concrete. 
Another waste material successfully used in Portland cement 
concrete is blast furnace slag (Emery, 1976).
The environmental benefits result from the use of waste 
materials in concrete applications are very significant. Not 
only are potentially troublesome waste materials essentially 
stabilized, but main savings in energy realized. For 
example, it has been estimated (Faber, 1978) that a ton of 
cement made using fly ash requires only 80% of the energy 
required to make a ton of standard Type I cement.
3.3.3 Aggregates
One of the most suitable waste utilization applications 
is the production of aggregate in various forms. For 
example, bottom ash is used as an aggregate in a number of 
states (Tripodi, 1980), while steel slags are reported 
(Collins, 1978) to be in use as a skid-resistant aggregate in 
bituminous wearing surfaces. Collins and Miller (1977) 
suggested that the processing and use of waste materials as 
aggregates in highways has three types of environmental 
effects : 1
(1) Potential benefit to the environment associated with 
altering the present method of waste disposal or of 
reducing existing stockpiles.
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(2 ) Effects of processing the waste for use, and
(3) Effect on the environment of the waste in its
application.
For example, recycling of coal refuse, phosphate slimes 
and dredge spoil could potentially have benefit because of 
the reduction of environmental deterioration resulting from 
disposal of these wastes.
Processing of wastes for utilization as aggregates 
typically requires unit operations such as crushing and 
grinding, dewatering, pelletizing and possibly some form of 
heat treatment. Such operations would be expected to 
contribute to air, water or noise pollution as well as 
requiring the input of energy, and therefore wastes requiring 
a minimum of processing would be most advantageous, other 
things being equal. Materials such as waste glass and blast 
furnace slag would require a minimum of processing while 
wastes disposed of in slurry form such as alumina muds and 
dredge spoil would require dewatering, drying, pelletizing, 
sintering and crushing and thus offer more potential for 
environmental damage.
Environmental problems which may result from placement 
and actual use of waste materials as aggregates in highways 
include dusting, staining, leaching of trace elements, and in 
some cases radiation. The type of application will influence 
the potential for water contact and therefore leaching. 
Thus, aggregates in a stone base or sub-base application 
would have a much higher opportunity for solubilization of 
trace elements than aggregates in a bituminous concrete which 
are encapsulated in an essentially impermeable binder. 
Adverse chemical reactions between the waste-derived 
aggregate and other construction materials present could also 
contribute to undesirable leachate formation. Based on the 
preceding considerations, mineral wastes and coal refuse are
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undesirable candidates, while wastes such as blast furnace 
slag and reclaimed paving materials are used extensively as 
aggregates without environmental damage.
Lightweight aggregate made from sintered fly ash or 
unsintered bottom ash for use in concrete blocks or panels is 
an attractive application from an environmental point of 
view. In addition to saving energy when compared to the use 
of normal materials, any mobile metals in the ash are 
effectively stabilized.
3-3.4 Embankments. Road Base- and Landfill
The major environmental impacts for these uses are wind 
erosion (airborne contamination), runoff erosion (surface 
water contamination), leaching (groundwater contamination) 
and biological uptake (food supply). Certain wastes are also 
radioactive, such as uranium tailings and phosphate tailings. 
The same impacts would occur if the wastes were simply 
disposed of on land, therefore the net effect of using them 
in these types of construction would be dependent upon the 
differences in siting, processing, and maintenance between 
use and disposal. The impacts of waste storage prior to 
processing and use would also be similar to those of 
embankments and disposal areas. The processing of wastes to 
achieve appropriate size distributions will cause problems 
with dust control also.
Wind erosion may be controlled by physical, chemical or 
vegetative methods (Soholt, 1981). Physical methods include 
erection of wind barriers, tillage of the surface, water 
application with surface compaction, harrowing of organic 
materials into the surface of the waste, and covering with 
soil, gravel, country rock or crushed stone. Chemical 
methods consist of forming a crust on the waste surface by 
the application of chemicals such as potassium and sodium
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sili-cates. Vegetative methods consist of planting vegetation 
on the waste surface or on a soil cover over the waste. The 
same methods also mitigate problems with runoff erosion. In 
addition, site design procedures are helpful in this regard. 
These include the diversion of off-site surface runoff by 
drainage ditches around the site, contain terraces on the 
waste surface, and check dams and siltation ponds to collect 
runoff and allow suspended matter to settle out.
Leaching can be reduced if infiltration into the waste 
is reduced. Some methods for reducing runoff erosion and 
wind erosion may increase infiltration. Examples are contour 
terraces and tilling the waste surface. On the other hand, 
methods for crusting the waste surface will reduce 
infiltration. Vegetation increases infiltration, but also 
increases évapotranspiration, and so its net effect may be to 
reduce leaching. A number of impervious or nearby impervious 
liners have been used to prevent leaching, they include 
flexible synthetic liners, admixed liners, soil sealants, 
natural soil systems, and stabilized wastes. Liners are of 
dubious value, however, unless they entirely encapsulate the 
waste, and all liners are subject to breaching by various 
means. Soil conditions at the site of waste disposal or use 
may mitigate leachate pollution.
For long-term stabilization of waste embankments, 
vegetative cover is probably the most desirable techniques 
from the environmental viewpoint. However, a number of 
pitfalls may be encountered (Shirts, 1974; Gemmell, 1978).
(1) Some component in the waste may be toxic to the 
vegetation.
(2) Wind blown particulates may prevent the growth of 
vegetation, therefore, a chemical treatment to crust the 
waste surface will probably be needed temporarily.
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(3) The leaching of nutrients from the root zone of the 
vegetation may cause the vegetation to die even though 
it initially grew on the waste with the help of 
fertilizer.
Biological uptake by the planted vegetation of toxic 
constituents in the waste may eventually cause contamination 
of the human food chain. It may be necessary to cover 
certain wastes before planting in order to avoid this effect.
3-4 SUMMARY OF THE SOLIDIFICATION APPROACHES AND THEIR 
RELEVANCE TO "BTOFT.Y BRICK”
Stabilization/solidification or fixation is a process 
for treating industrial solid wastes (primarily sludges) that 
contain hazardous constituents to prevent or reduce 
dissolution and loss of toxic materials into the environment. 
Most of these treatment processes are designed to produce a 
monolithic solid of low permeability. Some of the 
stabilization/ solidification processes can further control 
the loss of toxic materials by:
1. Reacting chemically with the toxic constituents to 
produce new inert solid compounds that bind the 
potential pollutants into stable crystal lattices.
2. Controlling the pH and redox potential so that toxic 
compounds are maintained under conditions where the 
materials have minimum solubility.
3. Covering the solid waste material with a coating that 
does not react with the waste, but prevents water from 
reaching the material.
Present solidification/stabilization systems can be 
grouped into seven classes of processes:
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1. Solidification through cement addition.
2 . Solidification through the addition of lime or other 
pozzolanic materials.
Techniques involving embedding wastes in thermoplastic 
materials such as bitumen, paraffin or polyethyline.
4. Solidification by addition of an organic polymer.
5. Encapsulation of wastes in an inert coating.
6. Treatment of the wastes to produce a cementitious 
product without major additions of other constituents.
7. Formation of a glass by fusion of wastes with silica.
The advantages and disadvantages of each approach are 
discussed in Table 3.1. Abstracts from technical information 
about solidification/stabilization processes are presented.
Some proprietary processes are capable of solidifying 
individual waste materials such as sludge and fly ash and 
rendering them safe as construction materials. The process 
of solidification to combine fly ash and sewage sludge to 
make a "Biofly Brick" is an innovative process which forms 
the subject matter of this thesis.
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Tabte 3.1 Technical Comparison oi Solidification Processes
Process________ Advantages________________________________
1. Cement a. Raw materials are plentiful and inexpensive.
Based
Techniques
Disadvantages_____________________________________________
a. Relatively large amounts of cement are required for most 
fixing processes. However this may in part, be off-set by the 
low cost of material. The weight and volume of the final 
product Is normally about double that of other solidification 
processes.
b. The technology and management of cement mixing 
and handling is well known and the equipment is 
commonplace. Specialised labor Is not required.
b. Uncoated cement-based products may require a well-
designed landfill for burial. Experience in radioactive waste 
disposal indicates that some wastes are leached from 
concrete, especially by mildly acidic leaching solutions.
c. Extensive drying or dewatering of waste is not
required because cement mixtures require water 
and the amount of cement added can be 
adapted to a wide range of water contents.
c. Extensive pre-treatment, or higher cost cement types or 
additives may be necessary for wastes containing large 
amounts of impurities which effect the setting and curing of 
the waste concrete, such as borates and sulfates.
d. The system is very tolerant1 of chemical variation.
The natural alkalinity of the cement used can 
neutralize acids. Cement is not effected by strong 
oxidtsers such as nitrates or chlorates. Pretreatment 
is required only for materials that retard the setting 
reactions of cement.
d. The akalinity of cement drives off ammonium ion as ammonia 
gas.
e. Leaching characteristics can be improved where 
necessary by coating the resulting product with 
sealant.
e. Cement is an energy-intensive material.
f. Variation in the amount of cement used can produce 
very high bearing capacities making the waste 
concrete good sub-grade and sub-foundation 
material.
2. Ume-
Based
Technique
a. The materials are often very low in costs and widely 
available.
a. Lime and other additives add to the weight and bulk to be 
transported and/or landfilled.
Uncoated ime-fixed materials may require specially 
designed landflb to guarantee that the material does not 
lose potential pollutants by leaching.
c. The chemistry of Rme-pozzolanic reactions is 
relatively well known. .
Little specialised equipment is required for 
processing as Sme is a common additive to 
neufraize wastes in other streams.
b.b
d. Extensive dewatering b not necessary because 
water b required In the setting reaction.
3. Thermo­
plastic 
Technique
a. The leachate loss rates are significantly lower than 
those observed with cement-based systems.
a. Expensive, complicated equipment requiring highly 
specialized labor b necessary for processing.
b. By deposing of the wastes in a dry condition, the 
overall volume of the waste b greatly reduced.
b. These systems cannot be used with materiab that
decompose at high temperatures, especially citrates and 
certain types of plastics.
c. Most matrix materiab are very resistant to attack by c. There b a risk of fire in working with organic materiab such as 
aqueous solutions. Micobial degradation b bitumen at elevated temperatures,
minimal.
d. Most matrices adhere weil to incorporated 
materiab.
d. During heating, some mixes can release objectionable oils 
and odours causing secondary air pollution.
e. Materiab embedd in a thermoplastic matrix can be 
reclaimed if needed.
e. The waste material to be incorporated must be dried which 
requires large amounts of energy. Incorporating wet wastes 
greatly increases losses through leaching.
f. The Incorporation of tetraborates or iron and aluminium salts 
in bitumen matrices causes premature hardening and can 
d o g  and da image mixing equipment.
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Toble 3.1 Technical Comparison of Solidification Processes (continued)
Process Advantages Disadvantages
4. Organic
Polymer
Techniques
a. Less fixative is required for solidifying the same 
amount of waste. The waste-to-fixative ratio b 
usually about 30 % greater for a Urea­
formaldehyde organic polymer system than with 
cement
a. No chemical reactions occur in the solidification system that 
chemically bind the potential polutants. The particles of 
waste material are trapped in an organic resin matrix
b. The waste material treated is usually dewatered but 
not necessarily dried. The finished, solidified 
polymer, however, must be dried before ultimate 
disposal.
b. Catalysts used in the Urea-formaldehyde systems are strongly 
oddic and the waste Urea-formaldehyde mixture must be 
maintained at pH 1,5± 0.5 for solidification to occur in a 
rapid manner. The low pH can put many waste materials 
into solution. If the pH is not lowered to 1.5, the 
polymerisation b slow, solids will settle out and the fixed 
material will not be trapped effectively.
c. The organic resin used is consistently less dense 
(specific gravity Is approximately 1.3) than cement. 
The low density reduces the transportation costs 
related to the fixative and fixed product.
c. Uncombined or Nveep* water b often associated with
polymerized waste. Thb must be allowed to evaporate to 
produce a fully-cured polymer. The Veep* water may be 
strongly acid and may contain high levels of pollutants. 
Waste Urea-formaldehyde mixtures shrink as they age and 
will produce Veep* water during aging.
d. The solidified resin is non-flammable and high
temperatures are not required for forming the resin.
d. Some catalysts used in polymerization are highly corrosive 
and require special mixing equipment and container liners.
e. The reactions producing the resin, may release fumes that
can be harmful or disagreeable even in low concentrations.
f. Some cured resins are biodegradable (especialy Urea­
formaldehyde based systems) according to several 
manufacturers.
g. Secondary containment in steel drums b common practice in
organic resin-waste fixation. Thb races costs in processing 
and transportation.
5. Encapsu­
lation
Techniques
a. The waste material never comes in contact with 
water, so very soluble materials, such as sodium 
chloride, can be successfully encapsulated. The 
impervious jacket eliminates all leaching Into 
contacting water as long as the jacket remains 
intact.
a. The resins required for encapsulating are expensive.
b. The process requires larg expenditures of energy in drying,
fusing the binder, and forming the jacket.
c. Polyethylene b combustible with a flash point of 250°C 
making fires a hazard.
d. The system requires extensive capital investments in 
equipment.
e. Skiled labor b required to operate molding and fusing 
equipment.
6. Self­
Cementing 
Techniques
a. No major additives have to be manufactured and 
shipped to the processing site.
a. Only high sulfate or high sulfate sludges can be used.
b. The process is reported to produce faster setting 
times and more rapid curing than comparable 
lime-based systems.
b. Self-cemented sludges have much the same leaching 
characteristics as cement and lime-based systems.
c. The material produced is stable, non-flammable and 
non-biodegradable.
c. Additional energy b required to produce the calcined 
cementitious material.
d. There are reports of effective heavy metal retention 
perhaps related to chemical bonding of potential 
pollutants.
d. The process requires skilled labor and expensive machinery in 
calcining waste and mixing the calcined waste with 
additives to produce the fixed waste.
e. These systems do not require completely dry waste. 
The hydrating reaction uses up water.
7. Glassific­
ation
a. The process is assumed to produce a high degree of 
containment of wastes.
a. The process b energy intensive. A change must be heated to 
1350°C to produce a satisfactory melt
b. The additives used are relatively Inexpensive (syenite 
and lime).
b. Some constituents especially m e t a b  m a y  b e  vaporized 
before they combine with the m o lt e n  sjIk x i  in the glass.
c. Specialized equipment and trained personnel are required 
for thb type of operation.
Source: Adapted from Landreth. R.E. (1979)
CHAPTER FOUR
BRICK MAKING PROCESS
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4.1 GENERAL BRICK MAKING PROCESSES
4.1.1 Sludge Brick
T. Shaw of Manchester England first introduced the 
concept of sludge amended bricks late in the Nineteenth 
century. The patent (August 10, 1889) simply states: "sludge 
is mixed with an equal quantity of clay. The plastic 
compound formed is dried and burnt" (Shaw, 1889). Further 
research was conducted in Singapore recently by Tay (1987).
Conceptually, the solidification of sludge into bricks 
has remained unchanged since first proposed by Shaw, but, the 
percentages of clay and sludge may vary dependent upon the 
types of sludges, clays and water contents involved.
The solidification of sludge into brick not only 
provides for an environmentally safe means of disposal, but 
also constructively manages the sludge. The brick 
manufacturing process and the brick itself provide the means 
to effectively dispose of the sludge. During the burning of 
the brick, kiln temperatures exceed 1093°C (Brownell, 1976). 
This temperature is far above the upper tolerance of all 
pathogenic bacteria (EPA 1989). Heavy metals contained 
within the sludge may either be chemically or physically 
bound within the finished product.
The most promising aspect of this type of solidification 
is that constructive management of the sludge occurs.
4.1.2 Flv Ash Brick
In an early Coal Research Bureau technical report on 
coal-associated minerals of the United States it was noted 
that the chemical analyses of fly ash and clay are similar.
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This similarity between fly ash and clay led to research on 
producing fly ash brick in order to find a solution to the 
fly ash disposal problem.
In the fly ash brick project the principal area of 
research has been producing fired structural products from 
fly ash. A typical fly ash brick mix consists of fly ash, 
slag, and certain chemical additives (Slonaker, 1985).
No two fly ashes are the same. The difference in fly 
ashes may be chemical in nature, traceable to the coal seam, 
or the difference may be physical in nature, traceable to the 
design and operation of the power plant.
The raw materials are mixed which gives the desired 
kneading and spatulating action, in that process, the fly ash 
brick are pressed because the fly ash mix will not extrude. 
Fly ash is composed of glassy, spherical particles which do 
not have the necessary plasticity required for extrusion.
4.2 DEFINITION AND TYPES OF BRICK
Butterworth has defined a brick as being, "a building 
unit made of hard inorganic material, of a size that can be 
conveniently handled with one hand, rectangular in form, and 
of such proportions that the length equals twice the width 
plus one mortar joint, whilst the depth is less than the 
width" (Butterworth, 1948). This definition deliberately 
omits any direct reference to clay as being the principal 
constitute of bricks, since bricks can also be composed of 
sand and lime hardened by heating with steam pressure, or can 
be made from Portland cement.
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Many types of bricks are currently manufactured, 
including: acid-resistant brick, building brick, facing 
brick, paving brick, and sewer brick. Each of the afore­
mentioned bricks is specially engineered to withstand certain 
physical or chemical forces.
resistant bricks are machine made, uncored, kiln 
fired brick, predominately manufactured from clay or shale 
mixtures. Acid resistant bricks are suitable for use with 
industrial strength chemicals. Building brick is produced 
mainly for building purposes, and not especially for textures 
or color. This type of brick is used in exterior-interior 
walls which are covered with another brick veneer. Facing 
brick is produced from select clays and is available in all 
face sizes and various colors and textures. This brick is 
generally more expensive than the building brick and is used 
to cover or face the building brick. Flooring brick consists 
of smooth, dense brick highly resistant to abrasion. This 
type of brick is commonly used in finished or polished floor 
surfaces. Paving brick is a low water absorption vitrified 
brick with spacing lugs. Paving bricks are produced in 
either smooth or wire cut finishes. Sewer brick is a low 
absorption, abrasive resistant brick commonly used in storm 
water drainage structures and for sewage manholes and 
inverts.
Typically, there is no set standard size for the various 
types of brick produced. Generally, the bricks are 
rectangular in form as described by Butterworth. The average 
dimensions for common building brick is 230x110x76mm for 
Australian brick.
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4.3 BRICK HISTORY
Ceramics is considered to be among the first 
technologies developed by human civilization. It was heaven 
sent! "Then the Lord God took some soil from the ground and 
formed a mass out of it" (Genesis 2:7).
Brick has historically been regarded as a prized 
building material for its structural integrity and inherent 
beauty. Brick, the oldest manufactured building material, is 
probably the first construction product that man made from 
clay. Originating in the Mesopotamian Plains, the art of 
brickmaking transcended through the centuries and nations 
with each improving upon the aesthetic and structural 
properties. Sun-dried clay tablets made during the Chaldean 
Empire nearly six thousand years ago (i.e. 4000 BC) exist as 
evidence that man formed clay into cakes, sun dried them and 
used these "bricks" for structural purposes (Plummer & 
Reardon, 1943).
Man progressing forward, built the Tower of Babel from 
burnt or fired bricks, not merely sun-dried bricks. They 
said to one another, "Come on! Let's make bricks and bake 
them hard". So they had bricks to build with and tar to hold 
them together. They said, "Now let's build a city with a 
tower that reaches the sky" (Genesis 11:3). And by the time 
of Nebuchadnezzar II (605 - 562 BC) bricks were not only 
being burnt but were being enamelled as well.
The Egyptian's used both brick and stone to build their 
massive pyramids and temples. One brick pyramid in Dashur, 
Egypt possesses the following inscription, "Disparge me not 
by comparing me with pyramids built of stone. I am much 
superior to them as Ammon is superior to the rest of the 
deities. I am constructed of brick from mud which adhered to 
the ends of poles and was drawn up from the bottom of the 
lake".
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Vitrivius (60 BC) established the engineering concept 
for vitrification. Many Roman structures, built with 
vitrified brick still exist, thereby illustrating the extent 
to which brick was used for structural as well as decorative 
purposes. Prime examples of Roman construction are the Baths 
of Carcalla and the Basilica of Constantine.
Spain, England and Holland followed the Romans in 
building such works as the Mosque of Cordoba / Hampton Court 
and Guild Halls (Dolson & Searle, 1936).
English brickwork, which is the predecessor of American 
brickwork, developed primarily from Roman influence. While 
in England, the Romans produced brick that were actually 
tiles made from clay beaten flat, dried on the ground, 
stacked on edge and burned by wood fires. These tiles were 
later reclaimed by the English and used in the construction 
of other structures.
The brickmaking industry appeared in the Thirteenth 
century, but did not attain a quality product until the reign 
of Henry VIII (1509) (Plummer & Reardson, 1943). Before this 
period, bricks were not generally used as a building 
material. Structures from this period still exist in England 
(i.e. Thorpland Hall, Norfold, 1538).
Although advances in the architectural utilization of 
brick flourished, stagnation of the industrial process 
occurred until the invention of the brick press. Previous to 
this invention, bricks were formed in moulds by hand. 
Application of the brick press in the brick industry, 
occurred late in the Nineteenth century (Dolson & Searle, 
1936). Although modernization of the machinery has occurred 
since then, virtually no changes have occurred to the 
process.
4-4 RAW MATERIALS FOR BRICK
The raw materials for the manufacture of bricks are clay 
or shale. Clay as dug out from the ground usually contains 
the essential minerals silica (Si02), alumina (A1203 ) and 
kaolinite (Al 20 3 .2Si02 .2H20 ). Other ingredients often 
present are: cordierite (2M g O .2A 1 2 0 3 .5 Si0 2 ), steatite 
(3Mg0.4Si02 .H20), feldspar [(Na,K) 2 0.Al203 .6Si02] and mica 
(K2O.3Al2O3 .6SiO2 .2H2O). The familiar red building-brick 
clays may contain up to 50% kaolinite with quartz, mica 
(Lenezner, 1972).
To satisfy production requirements, clays must have 
plasticity which permits them to be shaped or moulded when 
mixed with water, and they must have sufficient strength to 
maintain their shape after forming. When subjected to rising 
temperatures, the clay particles must fuse together.
Clay occurs in three main forms, with similar chemical 
compositions but different physical characteristics. Surface 
clays may be the upthrusts of other deposits or of recent 
sediments. They are found near the ground surface. Shales 
are clays that have been subjected to great pressures and are 
in a much harder form in the natural bed. Fire clays are 
mixed at deeper levels than other clays and contain fewer 
impurities than shales or surface clays. They have uniform 
chemical and physical properties.
Clays are complex materials. Surface clays and fire 
clays differ from shales more in physical structure than 
chemical. All three are compounds of silica and alumina with 
varying amounts of metal oxides and other impurities. 
Metallic oxides of iron, magnesium and calcium influence the 
color of the finished product.
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The manufacturer minimizes variations in chemical 
composition by mixing clays. Since variation in properties 
of raw materials must be compensated for by changing the 
manufacturing processes, the finished products will vary 
among manufacturers (Technical Notes by Brick Institution of 
America 1961).
4-5 PRESENT BRICK MANUFACTURING PROCESSES
Brick manufacturing begins in the clay fields. Here the 
clay is dug from either quarries or mines and transported to 
storage piles or bins until ready for use. Exposure to the 
air improves the workability of the clay and facilitates its 
preparation. Some clays like soft-mud clays are sent 
directly to the factory for manufacturing.
Almost any clay composition is satisfactory for the 
manufacture of building brick. The principal minerals in 
brick clays are disordered kaolinite, chlorite and illite. 
Mixtures of the above clay minerals can contain appreciable 
amounts (25-50 percent) of unsorted fine grained nonclay 
minerals like quartz and still be suitable for brick 
manufacturing (Grim, 1968).
Silt (0.06-0.01 m m ), montmorillonite and excessive 
amounts of kaolinite may be detrimental to the final product. 
High concentrations of silt-sized particles tend to reduce 
green and fired strength of the brick, while even low 
concentrations of montmorillonite due to its high water 
absorption capacity, can cause excessive shrinkage in both 
the dried and fired brick. Kaolinite in large concentrations 
tends to elevate the temperature required for vitrification 
(Grim, 1 968) .
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There are three requirements in the preparation of clay 
for brick making:
1. The homogenizing of the materials.
2. The purification of the clays.
3. The development of plasticity.
The clay is first transported from the storage piles or 
bins to the granulator. In the granulator, a revolving set 
of blades chops the large clay lumps into smaller fragments. 
Then the clay is thoroughly ground in a rotating pan mill 
with heavy rollers. This machine is commonly known as a dry 
pan, crusher roller or hammer mill. Screening the clay after 
grinding removes the remaining coarse material. Residual 
coarse material is recycled back to the hammer mill for 
further grinding.
After the clay has been ground and screened it is 
necessary to further prepare the clay by kneading or pugging 
it into a homogeneous plastic mass. This process is called 
tempering. The pug mill kneads and mixes the clay with water 
until the desired plasticity is achieved. Barium carbonate 
(BaCo3 ) is often added to the clay in the pug mill to 
eliminate the insoluble deposit which may form on the surface 
of the brick during burning. Leaching of calcium sulfate 
(CaSO^) and/or magnesium sulfate (MgSO^) are the two 
principal salts which cause this deposition, known as kiln 
scum, to occur. Barium carbonate, typically in concentration 
of 4.5Kg/tonne of clay, controls the scum by forming an 
insoluble barium sulfate.
Bricks are formed or moulded by one of three processes:
1. Soft-mud
2. Stiff-mud or stiff-plastic
3. Dry press
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Preliminary mixing processes are the same except that 
the water content varies from a considerable amount in the 
soft-mud to virtually none in the dry press.
In the soft-mud procedure, the prepared clay is mixed 
wet to make a soft mud or paste with a water content ranging 
from 20 to 30 percent. This process is employed where the 
clay is usually found wet in the ground.
There are two types of soft-mud brick:
1. Sand struck
2. Water struck
Sand struck brick are formed when the moulds are sanded 
to prevent the clay from sticking.
When water is used to prevent the clay from sticking the 
process is known as slop moulding and the product is known as 
water-struck. Soft-brick machinery performs essentially the 
same type operations that early brickmakers did by hand.
Stiff-mud or stiff-plastic process uses a limited amount 
of water, which is added until the clay is plastic. Moisture 
contents vary from 12 to 15 percent for this process. Clay 
is extruded through a die by either a screw or auger forming 
a clay ribbon. Air is sometimes removed from the clay prior 
to extrusion. De-airing increases the workability, 
plasticity and dry green strength. When the clay ribbon is 
formed such that the dimensions are the width and thickness, 
the brick is called end cut and when the ribbon is formed 
such that the dimensions are the length and width, the brick 
is called side cut. The clay ribbon is then cut into 
standardized sizes by the brick cutter, an apparatus with 
evenly spaced wires that can slice through the stiff clay.
Dry or dust processes use dried clay, shale or other 
argillaceous materials like steatite at water contents 
ranging from 5 to 7 percent. Clay used is relatively non­
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p l astic and the b r i c k  unit is formed at p r e s s u r e s  b e t ween  
3.5 MPa to 10.5 MPa • This process is primarily employed 
to manufacture facing bricks and tiles.
B e f o r e  b u r n i n g  o r  f i r i n g  t h e  b r i c k ,  it is f i r s t  
necessary to dry the wet brick. Drying the brick increases 
the mechanical strength of the brick, which allows for higher 
s t a c k i n g  in the b u r n i n g  process. S h r i n k a g e  dur i n g  dry i n g  
r a n g e s  fro m  2 to 8 p e r c e n t .  It is c r i t i c a l  to m i n i m i z e  
sh r i n k a g e  to p r e v e n t  e x c e s s i v e  m o t i o n  of the stacks during  
drying and burning. Presently, forced draft systems are 
empl o y e d  to dry the brick. These systems control the air 
velocity, humidity and temperature of the air surrounding the 
b r i c k s .
B u r n i n g  c o n s i s t s  of s e v e r a l  s t a g e s  n a m e l y ,  w a t e r  
smoking, dehydration, oxidation vitrification and cooling as 
shown in Fig. 4.1. This process lasts from 60 to 100 hours 
(typical 100 hours) depending upon the types of clay used and 
the type of b r i c k  to be manufactured. B u r n i n g  the bricks 
produces a fired shrinkage ranging from 2.5 to 8 percent the 
original dry dimensions.
Time (hrs)
Figure 4.1 Industrial Firing Curve (Full Size Brick) 
Hundred Hour (Grim, 1968)
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Water smoking removes the residual free water from the 
drying operation. This term originated when wood fires were 
used to burn the brick. During the initial burning phase, a 
dense white smoke formed at the vents, consisting mainly of 
steam, hence the name water smoke (Foster, 1969). Water 
smoking raises the temperature of the brick to approximately 
200°C.
The temperature of the kiln is gradually raised to 
400 C. This begins the dehydration phase. During the 
dehydration the temperature is raised from the initial 400°C 
to 540°C, driving off all chemically bound water. For pure 
kaolinite, the following decomposition occurs (Worrall, 
1975).
Al2Si2°5<OH>4 —  540°C Al2Si207 + 2H20
Kaolonite Meta-Kaolin
During oxidation (540°C - 980°C) air is introduced into 
the kiln, causing combustion of all volatile materials. Iron 
(FeS2 ) which is present in most clays decomposes, 
producing gaseous sulfur dioxide and ferric iron. Further 
reduction reduces the ferric iron to ferrous iron (Grim, 
1968).
Vitrification is a two step operation, incipient and 
complete. Incipient vitrification occurs when the clay is 
heated enough to begin fusion, usually between 980°C to 
1200°C. Clay particles begin to flow at this point, but 
individual particles are still recognizable. Most building 
bricks are burned to this stage of vitrification. Complete 
vitrification is the total fusion of all particles into a 
solid impervious mass. Paving bricks are burned to complete 
vitrification.
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The vitrification stages for pure kaolinite can be
represented by the following equation (Worrall, 1975).
2(Al?0^.2Si02) 930 °C 2Al203 .3Si02 + Si02 
Silicon SpinelMetakaolin
2AI2O3 .3SÌO2 1090 °C 2(Al203 .Si02) + Si02 
Pseudo-MolliteSilicon Spinel
3(Al?0?.Si0?) 1400°C 3A1303 .2Si0 3 + S1O2 
Mollite CristobalitePseudo-Mollite
Cooling is the final step in the burning process. This 
is a carefully controlled operation, which is essential to 
prevent cracking and checking of the bricks. Figure 4.2 
illustrated how bricks are made from clay formation to
delivery.
4-6 MATERIAL ADDITIONS
Man has improved upon many different aspects of the 
brickmaking process since its inception. Evolution from a 
simple hand formed moulding process to a highly complex 
automated manufacturing system has been made possible through 
many innovative advances in the brickmaking machinery. 
Attempts to improve the clay's physical properties and 
characteristics have also proved beneficial.
Material addition have been known since man has laid out 
his first brick to dry in the sun. These bricks were 
commonly made with clay and straw. The straw was used as a 
binding agent to improve the durability and strength of the 
brick. Many other materials have been added since straw, in 
an attempt to either improve the clay's physical properties 
or processing characteristics.
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These additions can be naturally occurring such as oil 
bearing clays or manmade. Generally, materials added to the 
clay alter the intrinsic properties such as:
1 - Reduce shrinkage.
2. Reduce plasticity.
3. Reduce energy requirements during the manufacturing
process.
Non-plastic materials such as grog, sand or shale have 
been used to reduce the shrinkage that occurs during the 
drying and firing processes. Grog was an admixture used in 
the nineteen hundreds, made by grinding broken bricks into a 
fine sand like powder (Dolson, 1936).
Additions of carbonaceous materials to the clay will 
reduce the energy required to burn the brick (Robinson, 
1977). Dependent on the size of the carbonaceous particle an 
increase i-n porosity of the brick can also be expected. Some 
carbonaceous materials which have been added to clay include: 
breeze, coal dust, oil, sawdust and garbage. Breeze is a 
residual of coal consuming furnaces. It consists of coal 
ash, clinkers and unburned coal. Breeze was used 
predominately in England in the mid-nineteenth century as a 
means to reduce shrinkage, increase porosity and to reduce 
the amount of fuel required to burn the brick (Foster, 1969). 
If sufficient quantities of breeze were added to the clay, a 
self-sustaining fire could be obtained once the bricks were 
thoroughly water-smoked.
Coal dust was primarily used in the same manner as 
breeze except that coal dust is completely combustible, 
unlike the breeze which is only partially combustible. Coal 
was also much more readily available than breeze, along with 
greater control over the particle size distribution.
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Oil, which is the finest carbonaceous material 
introduced into the brickmaking process, was used to reduce 
the quantity of fuel required to burn the brick, while not 
appreciably increasing the porosity. The soil also enhances 
the extrusion characteristics of the clay. Oil can be 
naturally occurring in many clays, or can be added into the 
clay as an admixture (Robinson, 1977).
The use of coal dust and oil has been sharply curtailed 
due to the prohibitive cost of this non-renewable energy 
source. Presently, sawdust is employed in some brick 
manufacturing processes to form bricks for intended winter 
use. Sawdust is added to the clay to increase the porosity 
of the brick which allows for faster water absorption and 
helps to prevent freezing of the mortar. Normally, the 
sawdust admixture is only four to twenty percent by volume 
(Murray, 1981).
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4 -7 "BIOFLY BRICK" AN INNOVATION IN BRICK MAKING
Brick has historically been regarded as an architectural 
material prized for its structural integrity and inherent 
beauty. The fact that numerous Roman structures built with 
brick still exist certainly illustrates the heritage and 
durability of this classic construction medium.
Supptemental additions to clay brick were first employed 
by the Egyptians. Their sunbaked products commonly included 
straw within the brick body, serving both to bind the matrix 
together and increase final strength. Many other materials 
have since been added in an attempt to improve the brick's 
processing characteristics or its finished quality, or both.
Inert substances, including shale and grog, have been 
used to reduce shrinkage during drying and firing and to 
increase final strength. Several types of organic residues 
have also been employed, including waste oil, oil bearing 
clays, breeze, coal dust, and sawdust. These latter 
materials have often been introduced in an attempt to reduce 
the intense energy demand associated with the firing 
operations.
"Biofly brick" is a new technology which is being 
developed to use the combined material of sludge and fly ash 
in building products. This reuse technology is a 
solidification process to combine fly ash and sewage sludge 
to make a "Biofly brick". It is expected that by this 
technology light weight bricks can be produced. This is 
significant for savings in transportation costs and 
beneficial for construction and performance of structures.
Energy savings of up to 50% compared to traditional clay 
bricks could be achieved during brick manufacture. This is 
significant because energy costs account for 25% of total 
costs of brick production.
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A number of environmental benefits can be expected from 
this process. The fly ash and sewage sludge are essentially 
two waste products which are reused and utilized effectively. 
The waste products will become assets instead of liabilities 
without any new environmental costs compared to all the 
available methods of disposal and reuse option of both waste 
products. In fact, there is an additional environmental 
benefit in preserving the clay/shale resource and in 
minimising damage by excavation and quarrying. On balance, 
the adverse environmental consequences are thus significantly 
reduced.
CHAPTER FIVE
RFCT-ARrw METHODS
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5.1 LABORATORY METHODS
5.1.1 Experimental Mat-prials
To indicate the range of applicability of the proposed 
disposal technique, the component materials namely fly ash, 
municipal wastewater sludge and clay/shale were investigated. 
The various sources of these materials are summarized in 
Table 5.1.
TABLE 5.1
SOURCES OF FLY ASH. SLUDGE AND CLAY/SHAT.E
Source Material
Munmorah (F205) 
Bellambi 
Prospect Quarry
Fly Ash (Low carbon, high silica) 
Digested Sewage Sludge 
Clay/Shale
5.1.1.1 Fly Ash Investigation
The fly ash was from coal-burning power plant. The 
important chemical characteristic are shown in Table 5.2. 
Chemical analysis shows silica, alumina and iron content 
about 90.7% and the other constituents included calcium, 
magnesium, sodium, potassium and titanium. Loss on ignition 
is arguably the most critical characteristic of fly ash. It 
provides an indication of the unburned carbon present in the 
ash, which is equal to 1.88%. Very small amounts of lime are 
also present.
In addition, grain size distribution curve is 
illustrated in Fig.5.1. It is indicating that fly ash 
particles are most commonly very small. They usually vary in 
size from 1 micron to 100 microns.
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Table 5.2 Fly Ash Chemical Analysis
Pozzolan/Fly Ash No. F205 (Munmorah)
AS. 1129 A.S.T.M. Requirements C618 - 1974
Analysis % F N F $
Si02 58.2
AI203 285
F e ^ 4 0
SO2 + AI2O3 + F e ^ 90.7 Not Soecified 70.0 min 70.0 min 70.0min
M gO 0.84 Not Soecified 5.0 max Not Soecified 5.0 max
•CO
0CO
0.22 2.5 max 4.0 max 5.0 max 4.0 max
Moisture (at 110°C) 1.5 max 3.0 max 3.0 max 3.0 max
Loss on Ignition** . 1.88 8 .0  max 10.0 max 12.0 max 10.0 max
NojO 0.84
K2O 2.34
Available Alkalies *** 2.38 Not Soecified Not Specified 15 15
CcO 1.55
r o 2 1.14
M n ^ 0.08
SrO a m
Total 9963
Abbreviations: N = Raw or calcined naturally occurring pozzolans
F = Ry Ashes
S = Any other material of suitable type
* in accordance with AS1129 the SO3  content of fly ash should not exceed 1 5 per cent if the
ratio of cement to fly ash in concrete is less than 1.0 (by mass).
** Loss on ignition done to Australian Standard. A.S.T.M. method includes free moistur,
Australian Standard does not.
Loss on ignition to Australian Standard may be taken as an accurate indication of carbon 
content.
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Figure 5.1 Fly Ash Particle Size Distribution Curve
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5.1.1.2 Sludge Investigation
Digested sludge from Bellambi Treatment Plant which had 
been on drying beds for one year was used. This source of 
dewatered sludge presented only minor handling problem. The 
sludge was then oven dried in the laboratory and looked very 
much like a very peaty type soil. The sample was sieved 
through a 600 micron sieve with the sludge retained being 
ground in a mortar and pestle to also pass through 600 
micron. The sludge was then remixed and a sample taken for 
moisture content at 105°C. After constant weight was 
achieved, a loss on ignition was done at 550°C to determine 
the level of organic matter present. A separate oven dried 
sample was taken and dissolved in HC1 and HNO3 (1 :1 ) but only 
a small amount was soluble (13%). The sludge was resampled 
from the oven dried pile and fused with Lithium Meta Borate 
(LiBC^) at 1 050°C for 15 minutes dissolved in acid and the 
solution analysed by Atomic Absorption Spectrophotometer for 
heavy metals. The pH was also determined to AS 1289, 
D3.101977 specification and a total Alkalinity was performed 
to a selected endpoint in accordance with the Standard 
Methods for the Examination of Water and Wastewater (1985). 
All the results of the abovementioned tests appear on Table 
5.3. Chemical analysis shows that SiC^ + AI2O3 + Fe2°3 
contain about 29% and the other constituents include 
magnesium, calcium, sodium, potassium and titanium about 6%. 
Loss on ignition, provides an indication of the unburnt 
carbon present in the ash, equal to 60%. It is indicates the 
energy content of the sludge.
In addition, grain size distribution curve is shown in 
Fig. 5.2 indicating the fine nature of the sewage sludge.
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Table 5.3 Bellambi Sludge C he m ica l Analysis
pH of sludge is 5.2
Total Alkalinity to pH 42 is 54.0 mg/l of CaC03 
Moisture content of sludge at 105°C is 50.0%
A tom ic Absorption Analysis
Compound (%) In oven dried sludge
SI0 2 21.3
AJ2Q3 4.5
Fe2Q3 ' 35
MgO 1.1
cao 2.7
SO3 0.84
T1O2 0.38
N02O 025
k2o 0.32
ZnO 0.15
CU 0081
Mn2Q3 0.045
a 0X229
PB 0027
M 0017
CO 0.0016
Cd 0.0002
Hg Not detected
LO.I. @ 550°C 60.6
Total 95.7
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5.1.1.3 Clay/Shale Investigation
Prospect Quarry clay/shale was investigated. The 
clay/shale was oven dried sampled and ground in a vibrating 
disc mill to pass 150 microns, fuse with Lithium Meta Borate 
(LiBC^) at 1050°C for 15 minutes, then dissolved in acid and 
the resulting solution analysed by Atomic Absorption 
Spectrophotometry. The results of the analysis is shown in 
Table 5.4. Chemical analysis shows that SiC^ + AI2O3 + ^e2^3 
contain about 8 8% and the other constituents includes 
magnesium, calcium, sodium, potassium and titanium about 5%. 
It is noted that the chemical analysis of clay/shale and fly 
ash are similar.
In addition, grain size distribution curve is shown in 
Fig.5.3•indicating the fine nature of the clay/shale from the 
analysis it seems logical to expect that the fly ash, the 
sewage sludge and clay/shale can be combined to make Biofly 
brick.
Table 5.4 Prospect Qua ay Clay/Shale C h e m ic a l Analysis
Compound (%) by oven dry weight
SO2 61.5
■ AfcCfc 19.5
R32Q3 77
MgO 12
COO 0.7
NcqO 0.30
K2O ' 2.13
$03 0028
IO 2 076
MH203 0.11
CO 0.0024
N 0017
LD,l.e9i0=C
Total 99.7
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5.1.2 Material Preparation
T h e  f l y  a s h  w a s  c o l l e c t e d  d r y  a n d  t h e  c l a y / s h a l e  
required no preparation. The sludge has been in drying beds 
for one year and was oven dried at 105°C then milled prior to 
u s e .
5.1.3 Material Storage
The fly ash is stored in commercial (cement-type) paper 
sacks. The sludge and clay/shale is stored in drums at room 
temp e r a t u r e .
5.2 EXPERIMENTAI, PROCEDURES
The experimental sequence of brickmaking from specimen 
p r e p a r a t i o n  to t e s t i n g  is summarized in F i g u r e  5.4 in the 
form of a flow chart.
Figure 5A laboratory Manufacture 'Blofly' Brick Flow chart
'Biofly 6rlck' 
reody for testing 
AS 1226
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5.3 EXPERIMENTAL BRICK MANUFACTURE
Preliminary laboratory trials were conducted using 
pressed and extruded processes. However extruded process was 
found to be more suitable for this type of material and hence 
the latter is reported here.
5.3.1 Extruded Specimen Preparation
For each mixture configuration of fly ash, sludge, and 
additive the optimum moisture content and maximum dry density 
are determined using the standard procedure for soils. Then 
a batch of sample mixture large enough for 50 specimens (3­
4Kg) is prepared, water is added to produced the desired 
moisture content using a Hobart Model A-200 mixer as follows:
1. The fly ash, sludge and clay shale are mixed by hand
until uniform appearance.
2. Mixed at low speed for (8—10 minutes).
Following mixing, the specimens are extruded in 
cylindrical shape 25mm in diameter by 75mm length using De­
airing Pugmill. Some specimens are removed from the machine, 
weighed, dimensioned and then left for oven drying. It is 
later reweighed, dimensioned to indicate dry shrinkage and 
then kept for firing. The bricks are reweighed and 
dimensioned again to indicate fire shrinkage and weight loss.
Air drying takes place in room temperature (24-48 
hours), following the air drying stage, the specimens receive 
additional drying at 105°C for 24 hours. Drying at this 
stage is accomplished by placing the bricks into a small oven 
with temperature present at 105°C. At this point, the 
'green' specimens are ready to be fired.
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F i r i n g  takes place in e l e c t r i c  k i l n  (muffle furnace) 
with temperatures stair-stepped from 0°C to 1030°C over a 7 
h o u r  p e r i o d  (F i g . 5.5). The s t a i r - s t e p p i n g  o p e r a t i o n  is an 
attempt to mimic the continuous temperature profile achieved 
in c o m m e r c i a l  applications. This was d e v e l o p e d  by a trial 
and error process. Following natural cooling, the specimens 
are removed from the kiln and are ready for testing.
o
a
OQ.
OH-
Time (hrs)
G-.G
5-4 tisStjlnG PROCEDURES
5.4.1 Specimen Testing
A l l  t e s t s  f o l l o w e d  p r o c e d u r e s  a c c o r d i n g  to S t a n d a r d  
M e t h o d s  A u s t r a l i a n  S t a n d a r d  1226, e n t i t l e d :  M e t h o d s  of 
s a m p l i n g  a n d  t e s t i n g  c l a y  b u i l d i n g  b r i c k s  ( 1 9 8 4 )  in 
a c c o r d a n c e  w i t h  T a b l e  5.5. T h e  f o l l o w i n g  t e s t s  a r e  a 
synopsis of these Australian Standard requirements.
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Table 5.5 Standard Test Report on Fired Clay Bricks
Test Method Specification AS-1225-1984
Dimension - 20 bricks (mm)
Length
Width
Depth
AS Ì 226-2 Traditional Modular 
45104690 57105890 
21502250 17501850 
14701570 17501850
Tranverse Strength (MPa) 
Minimum T.S 
Average T.S. 
Characteristic T.S
AS122Ó-3
Not less than 1.0 MPa
Compressive Strength (MPa) 
Average C.S
Characteristic C.S.
AS 1226-4 Three categories 
A 4826 
B 27.58 
C 1034
Traditional - Not less than 7.0 MPa 
Modular - Not less than 6.55 MPa
Characteristic Expansion (mm/m) AS1226-5 No Specified Limits
Efflorescence AS 1226-6 Not to Exceed ‘Slight* for Brickwork 
Exposed to View
Minng aue to Lime Particles AS 1226-7 Internal (Covered) - No limits 'Gen. 
Purpose* Above d.p.c. and Internal (Not 
Covered)- Not worse than Moderate 
Liability. ‘Exposure1 - No Liabilitv
Initial Rate of Absorption (Suction) 
kg/m3/min.
AS1226-6 No Specified Limits
Water Absorption Properties (%) 
Cold Water Absorption (24 hrs) 
Boiling Water Absorption (5 hrs) 
Saturation Coefficient
AS 1226-9
No Specified Limits_____________
5-4.1.1 Compressive Strength
Ten cylindrical specimens are selected for this test. 
The specimens chosen should be visually free from any cracks. 
All specimens were immersed in water for 24 hours immediately 
prior to testing. The specimens were placed in the machine 
with single sheets of nominal 4.5mm plywood interposed 
between both their upper and lower bed faces and the platens 
or packing plates of the machines. The size of the plywood 
caps projected between 5 and 15mm beyond the specimen in all 
directions. The loading rate was maintained at approximately 
45MPa/min.
In testing for the compressive strength of concrete it 
seems to be accepted, that given reasonably constant aspect 
ratios the larger the test specimen the lower will be the
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achieved result. No similar tendency was observed with the 
extruded bricks described by (Zsemberg, et al., 1981). That 
no size effect appears to exist with bricks similar to that 
observed for concrete is probably to be expected. With 
concrete the test specimen is made to a particular size, 
either large or small, whereas with bricks we either test the 
whole unit as it was manufactured or we produce smaller 
specimens by cutting. It seems probable that the reported 
size effect with concrete would disappear or reduce if the 
sized test specimens under test were cut from a 
larger block of cast concrete.
The following theory is offered as an explanation of why 
smaller fractions cut from extruded bricks can be used to 
reasonably represent the compressive strength of whole 
bricks. In the process of the manufacture of extruded bricks 
the flat plate-like particles of clay become oriented with 
their long axes in the same plane as the direction of 
extrusion thus giving such bricks a grain which, as in 
timber, has low tensile strength in the directions at right 
angles to the flow of that grain. Under compression such a 
brick is thus acting as a series of weakly connected columns 
each of which has a cross sectional area at least as small as 
the smallest specimen tested in this series (4 .2cm2) and 
probably smaller.
5.4.1.2 Twenty Four Hour Water Absorption
Ten cylindrical specimens are selected for this test. 
All specimens should be free from loose or fractured 
sections. The specimens are dried at 105°C and consecutively 
weighed until constant weight results. Then the specimens 
are subjected in ambient temperature water for 24 hours. 
After the 24 hour period, the specimens are weighed while 
wet. Calculation of 24 hour water absorption is performed as 
follows :
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, Mo - M-iAbsorption % = 100 x — ----- -
Where:
M 1 = dry weight of specimen
M2 = saturated weight of specimen after submersion
5.4.1.2.1 Five Hour Boiling Water Absorption
The cylindrical specimens used in the 24 hour absorption 
test are also used in this test. These specimens, while wet, 
placed into a water-filled pan. The water must then 
reach boiling within one hour from the start of the test. 
The specimens remain submerged in the boiling water for five 
hours. After five hours the water is allowed to cool to 
ambient temperature. The specimens are removed and weighed 
while wet. Calculation of the five hour boiling water 
absorption test is performed as follows:
Mo - M 1Absorption % = 100 x — ---- -
Mi
Where:
M-j = dry weight of specimen
M^ = saturated weight of specimen after boiling
5.4.1.2.2 Saturation Coefficient
There is no specific test for a saturation coefficient 
since it represents the ratio between the 24 hour absorption 
test and the 5 hour absorption test. The calculation is 
performed as follows:
- 8 2 -
M-j = weight of dry specimen
M2 = saturated weight after 24 hour submersion
M3 = saturated weight after boiling
5.4.1.3 Efflorescence
Five samples are placed with one end in plastics (lunch) 
box of water, which is allowed to soak up into the samples 
for 7 days, followed by air drying for two days. Then dry 
the specimen in a drying oven, at 100°C for 24 hours, left it 
for cooling. The samples are then examined and assessed for 
the development of efflorescence in accordance with the 
following Table 5.6.
Table 5.6 Examination for Efflorescence
Test Method: AS1226.6 Efflorescence
Specification : AS!225-84 Not to exceed ’Slight* for brickwork exposed to view.
Interpretation of Results:
a) N  N<
b) Slight N
No observable efflorescence.
Not more than 10 % of any surface of the specimen covered by a Thin ceoosit 
of salts.
More than 10 % of one surface but not more than 50 % of the to tel scecimen 
surface covered by a thin deposit of salts.
A deposit of salts covering more than 50 % of the total brick surfcce.
Any efflorescence that Is accompanied by powdering cna/or ricking of the 
surface of the specimen.
c) Moderate
d) Heavy
e) Serious
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5.4.1.4 Pitting Due to Lime Particles
Five specimens were selected, placed in a moist cupboard 
at room temperature for 48 hours. Then examine the specimens 
for pitting. The development of pitting on each face 
examined shall be described as "nil", "moderate" or 
"appreciable" in accordance with the following Table 5.7.
Table 5.7 Examination for Fitting due to Lime Particles
Test M ethod: AS1226.7
Specimen N°. N°. of Pits Less than 3mm Between 
3mm & 5 mm
Greater than 5mm
1
2
3
4
5
Interpretation of Results:
The development of pitting on each face examined shall be described as ‘Nil*. 'Moderate', or 
'Appreciable* In accordance with the following definitions:
M No pitting
Moderate Not more than five small pits, none exceeding 3mm in diameter.
Appreciable More than five small lime pits, none exceeding 3mm In diameter, or one or more
pits exceeding 3mm in diameter.
5.4.2 Leaching Test:
Samples of the finished product were prepared to test 
leaching properties of two metals, lead and zinc. Lead and 
zinc were chosen specifically for their volatilization 
points, 1753°C and 911°C respectively (Dean, 1979). The 
volatilization point of lead is above the maximum firing 
temperature and the volatilization of zinc is below the 
maximum firing temperature. The samples are placed into 10% 
sodium acetate solution for 24 hours and the final solution 
diluted up to 10Omls distilled water. Samples of the. 
solution are tested for lead and zinc content by Atomic 
Absorption Spectrophotometer, above the blank solution 
tested.
-84-
5.4.3 Exhaust Gas Analysis
5.4.3.1 General
The technique normally used is to draw a sample of 
exhaust gas through a train of sampling bottles for a period 
of about four hours with simple compact equipment. The 
exhaust gas extracted with a solvent and analysed for heavy 
metals using mass spectrophotometer.
5.4.3.1.1 Apparatus: For Heavy Metals
The complete equipment shown in Fig.5 . 6 and 5.7 consists
of:
1- Pump model OD1-107CD18 with two heads which operates 
with a diaphragm mounted in a sealed chamber and joined 
to a moving connecting rod. This rod is driven by a 
rotating eccentric which causes the diaphragm to move in 
and out relative to the sealed chamber. The movement 
creates alternate negative (suction) and positive 
(discharge) pressure causing air to be moved through the 
pump via inlet and outlet values. Connecting the inlet 
to a closed vessel will cause a vacuum to be generated 
and similarly a positive pressure will be created on the 
outlet side. Maximum ratings were, vacuum -75KPa, 
continuous pressure 140KPa.
2. A train of bottles consists of: two bottles with a 
solvent about 1 0 0ml each, one filled with distilled 
water, the other one with nitric acid.
The system connected with tube diameter fitted on the 
suction or inlet illustrated in Figure 5.6 and Figure 
5.7.
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Figure 5.6: Apparatus at the University of Wollongong 
used for determination of heavy metals 
and fluorine
- 8 6 -
N.A.B.
D.W.B.
Nitric Acid Bottle 
Distilled Water Bottle
Suction
*
Figure 5.7: Sample train for heavy metals and fluorine 
analysis
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5.4.3.1.2 Apparatus: For Gas Analysis
Used glass sample vacuum cylinders:
Capacity: 300ml
Length: 300mm
Outside Diameter: 35mm
Single female pipe end, with male valve inlet 
illustrated in Figure 5.8
Figure 5.8: Apparatus used for collecting gas sample
The technique normally used is to draw a sample of 
exhaust gas through the cylinder for a period of about 10 
minutes. The exhaust gas then analysed by spectrophotometer, 
for C02, CO, CH4, N20.
CHAPTER SIX
RESULTS & DISCUSSION
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6.1 MATERIAL PROPORTIONS AND CODING SYSTEM
A coding system was developed for specimen 
identification because of the large number of proportions 
investigated. The identification code contained one 
alphabetic symbol followed by one to three digits. Table 6.1 
presented the different proportions of materials used.
Table 6.1 Proportions of Materials Used
Symbol______ _______________Proportions (%)
VI . 5S + 45F A  + 50C/S
\2 5S + 50 F A  + 45 C/S
Y3 5S + 55 F A  + 40 C/S
Y4 5S + 60 FA  + 35 C/S
VI40 10S + 40 FA  + 50 C/S
VI45 10 S + 45 FA. + 45 C/S
VI50 10S + 50FA  + 40 C/S
V I55 10S + 55 FA. + 35 C/S
N15 15 S + 35 FA. + 50 C/S
N16 15S + 40 F A  + 45 C/S
N17 15 S + 45 FA. + 40 C/S
N18 15S + 5 0 FA +  35 C/S
N19 15S + 55 FA. + 30 C/S
K20 20S + 30 FA. + 50 C/S
K21 20S + 35FA. + 45 C/S
«22 20 S + 40 FA. + 40 C/S
K23 20S + 45 FA. + 35 C/S
«24 20S + 50FA. + 30 C/S
«25 20S + 55 F A  + 25 C/S
C/S 100 Clay/Shale
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For example, Y1 5S + 45F.A. + 50C/S was the first
specimen fabricated from a mixture of 5 percent sludge and 45 
percent fly ash with 50 percent clay/shale.
V140 10S + 40F.A. + 50C/S was the second specimen fabricated 
from a mixture of 10 percent sludge and 40 percent fly ash 
with 50 percent clay/shale.
N15 15S + 35F.A. + 50C/S was the third specimen fabricated 
from a mixture of 15 percent sludge and 35 percent fly ash 
with 50 percent clay/shale.
K20 20S + 30F.A. + 50C/S was the fourth specimen fabricated 
from a mixture of 20 percent sludge and 30 percent fly ash 
with 50 percent clay/shale. All percentage were expressed as 
percent of total dry weight.
The reader is referred to Appendix I where structural 
results are tabulated and Figure 1.20 illustrated how 
bricks are made. Tables 6.2 to 6.5 give a sample of 
tabulated data. Results summary for all the samples produced 
are represented in Table 6 .6 .
- 9 0 -
Table 6.2 Compaction Test of Biofly Brick Materials Sample Y1
Description of Soil: 
Blows/Layer: 25/3 
Mold dimensions:
5 S + 45 FA + 50 C/S
N°. of Layers: 3 Wt. of Hammer: 24.5 N
Diam. 10.3 cm Ht. 12 cm Voi. 1000 cm3
Water Content Determination
Sannple n°. --------- T--------- ---------2-------- mmmT~ --------- 3---------
Moisture can n°. 13 0 4----- lT~ " Z ------ 1 -------- IÔ
Wt. of can + wet soil 105 132 94 no 107 92 94 164
Wt. of can + dry soil % 119 84 98 94 81 81 135
Wt. of water 9 13 10 12 13 11 13 2?
Wt. of can 33 36 | 3T" 33 34 31 32
Wt. of dry soil 63 ¡8 3 “ g 65 60 SD 4? 103
Water content œ % 142 15.6 19.6 184 21.6 2 26.5 28.1
Density Determination
Assumed water content lo% Cr 20% " " S S * ----------------
Water content to % 14.9 ^ ------------------- TTB--------------- 273------------------
wt. of soil + mold 6444 7 5 71------------------- ¿689 6515
Wt. of mold TBJT ”3331 “35ÏÏ------------------ 131 --------------------
Wt. of soil in mold. g. 1333 177T---------- --------- 1788 1733--------------------
Wet Density, kN/m3 “1733 1733-------------- p n iG ----------------
Dry Density y, kN/m3 --------------- 14.58 ~~T33?-------------- 13.43
CO
E
2
<nc
<D
T3
>>
L_
Q
Water content,w%
(§o2= gfëasKâascâ @®sig>©®fë&®si £?®s ©©gag>2,© S5L
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Tabie 6.3 Weight Lost and Shrinkage Percentage of Biofly Brick Sample Y1
Brick No. Wet
Weight
Ml
(grams)
Dry
Weight
M2
(grams)
Burnt
We*gnr M3 
(grams)
Wet
Dime ns-c ns D 
1 x L i (rrn)
Dry
Dimensions
° 2 xL2
(mm)
Burnt
Dimensions
° 3 xL3
(mm)
Dry
Shrinkage
%
Burnt
Shrinkage
%
Dry
Weight
Lost
%
Burnt
Weight
Lost
%
1 59.47 56.90 54.0 25x50 25x49 23.60 x 45.50 2 7.14 ■ 4.32 5.09
2 61.30 58.51 55.5 25x50 25x49 23.60 x 44.30 2 9 59 4.55 5.17
3 61.24 58.14 55.0 25x50 25 x 48.60 24 x46 2.8 5.34 5.06 5.40
4 60.65 57.71 54.7 25x50 25x49 23.60 x 45.20 2 7.75 4.84 5.21
5 74.09 70.66 66.9 25x50 25 x 49.50 22.70 x 43.70 1 11.71 4.62 5.32
6 63.16 60.37 57.4 25x50 25 x 48.90 22.80 x 43 2.2 12.06 4.41 4.91
7 65.23 62.55 59.3 25x50 25 x 49.30 23 x 43.50 1.4 11.76 4.10 5.19
8 62.79 60.45 57 3 25x50 24x49 24 x46 2 6.12 3.72 5.21
9 61.14 58.94 55.8 25x50 25x49 22.50 x 43.20 2 11.83 3.59 5.32
10 58.10 56.32 53.3 25x50 25x49 24 x 46.8 2 4.48 3.06 5.36
Mean T ^ 4 ---------- 8.73 4.19 5.18
Table 6.4 Compressive Strength of Biofly Brick Samp e Y1
Specim 
en Number
Max. Load 
Applied 
KN
Length L 
(mm)
Breadth D 
(mm)
Weight
(grams)
C MPa
1 34.6 62.80 23.50 47.4 79.81
2 55.1 594 22.70 45.9 136.21
3 27.1 54.30 23.30 425 63.58
4 50.8 5550 22.80 44.4 124.48
5 35.8 59 24 47.9 79.17
6 33 61 23.20 470 78.10
7 55.6 5550 22.20 44.80 143.70
8 47.2 55.80 22.20 45 2 1220
9 60 61 23 480 144.48
10 60 59.70 22.40 48.2 152.33
11238 ,,1. C = -LĴ p£ = 11238 MPa
2. ASS.C = 1.33 x 6358 or 112.38 - 0.38 x 77.56 = 84 56 or 82.90 MPa
R (152.33 + 144.48) - (63.58 + 78.10) ~ 2 = 7756
3. S.D. = 3355
4. C.O.V. = 29.85%
5. Variance = 112604
Table 6.5 Water Absorption Properties and Saturation Coefficient of Biofly Brick Sample Y1
Brick No. Dry Mass (Mp 
(grams)
Saturated Mass 
After 24 hrs 
Immersion (M2)
(grams)
Saturated 
Mass After 5hrs 
Boiling (M3)
(grams)
Cold Water 
Absorption test 
for each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
ASTM C67 (SC.)
1 540 59 606 925 12.22 0.75
2 55.5 60 61.6 8.10 10.99 0.73
3 550 58 585 545 6.54 0.83
4 54.7 573 575 4.75 5.11 0.92
5 66.9 739 74.4 1046 1121 0.93
6 57.4 682 704 18.81 22.64 0.83
7 3?3 61.4 620 354 455 0.77
8 57.3 65.1 66.9 13.61 16.75 0.81
9 55.8 58.3 595 448 6.63 0.67
10 53.3 560 56.1 506 5.25 0.96
Calculation of Results:
1. Cold Water Absorption Test - 24 rvs (%)
2.
3.
Mo - M 1
Ac = 100 x— Vo----- 1 = 83.5%M ]
Boiling Absorption Test - 5 nrs (%)
Mo - M ,
Ab = 100 x— V------ - = 101.8%M |
Calculation of Saturation Coefficient (ASTM C67)
9C
M2 - M ! 
M3 - M i 0 82%
Average Ac - = 8.35%
Average Ab -
Average SC - S3C10
= 10.18%
082
Table 6.6 Results Summary from Sample Produced
S a m p le C
M Pa
D.D.
KN /m 3
B.D.
KN/m 3
W .C .
%
D.S
%
B.S.
%
D .W .L.
%
B.W .L.
%
A  Ac. 
7o
A.Ab. A .S .C Eff P.L.P.
Y1 112.38 14.6 19.0 1.9 8.7 4.1 5.1 8.35 10.18 0.82
V2 118.14 14.2 21.9 2.0 8.0 6.3 4.9 10.16 12.18 082
V3 92.36 14.3 20.4 18 9.0 7.1 4.7 10.47 12.18 0.81
Y4 97.10 14.1 18.6 1.6 9 4 6.2 4.6 10.47 12.40 0.83
Slight M
V140 101.52 14.7 17.2 28 75 14.6 6.9 11.12 14.77 0.74
V145 67.55 14.3 21 Q1 5.0 9.1 62 13.50 16.45 0.77
V150 89.98 14.5 18 1.6 10.1 14.5 7.1 9.59 13.39 0.69
V155 115.58 13.9 22.6 0.7 6.7 3.9 64 14.52 16.82 0.85
N15 42.45 14.6 18.33 2D 32 5.5 7.9 8.3 15.26 19.30 0.78
N16 64.13 14.1 20.7 2 2 6.0 122 75 14.80 15.58 0.94
N17 71.39 14.4 16.6 30 5.1 14.8 78 14.91 17.60 0.84
N18 72.95 13.5 18.14 15 2.6 5 10.6 7.3 19.89 24.54 0.81
N19 71.30 13.2 18.6 1.7 4.8 12.6 84 21.49 24.98 0.85
K20 61.23 14.4 22.4 3.7 5.8 10.9 94 14.05 14.88 0.93
K21 60.36 13.7 17.75 21.6 38 4.5 1M 25 14.21 17.14 082
K22 85.04 13.5 20.8 4.1 7.3 7.6 9.3 15.22 18.08 0.83
K23 89.44 13.9 17.16 20.3 4.0 64 13.4 9.1 18.00 21.67 082
K24 66.45 12.8 24.5 2.9 3.5 11.2 9.0 25,10 25.71 0.97
«25 65.89 13.3 27.8 3.0 3.1 14.5 8.6 927 10.21 0.90
C/S 48.87 17.5 2D 17.5 5.0 3 20.3 5.3 5.74 5.89 0.95
-9
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Table 6.6 Results Summary from Sample Produced (Contd)
Sample M.W.L. % M.S. %
Y1 4 jb 53
Y1 54 5
V3 5.9 5.4
Y4 54 55
V14Q .10.75 5.15
V145 745 ' 285
V150 10.8 5.85
V155 5.15 3.7
N15 8.1 435
NT6 9.85 4.1
N17 113 405
N18 8.95 33
N19 105 325
K20 10.15 4.75
K21 1395 4.15
K22 8.45 5.7
K23 1125 52
K24 10.1 32
K25 1155 305
C/S 12.8 4
Key
C MPa = Mean Compressive Strength
D.D. KN/m3 = Dry Density
B.D. KN/m3 = Burnt Density
W.C. % = Water Content
D.S. % = Dry Shrinkage
B.S. % = Burnt Shrinkage
D.W.L. % = Dry Weight Lost
B.W.L. % = Burnt Weight Lost
A4c. % = Average Cold Water Absorption - 24 hrs
A.4to. % = Average Boiling Water Absorption 5 hrs
A.S.C = Average Saturation Coefficient
Eff = Efflorescence
P.L.P. = Examination for Pitting due to Lime Particles
M.W.L. % = Mean Weight Lost
M.S. % = Mean Shrinkaae
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6.2 EFFECT OF SLUDGE AND FLY ASH ADDITION ON PROPERTIES OF 
BRICK
The effect of sludge and fly ash addition of clay/shale 
was investigated by determining a variety of proportion. 
Measurements on all samples were made for Average Dry Density 
(Figure 6.2), Average Fired Density (Figure 6.3), Average Dry 
Shrinkage (Figure 6.4), Average Fired Shrinkage (Figure 6.5), 
Overall Shrinkage (Figure 6 .6 ), Average Dry Weight Lost 
(Figure 6.7), Average Fired Weight Lost (Figure 6 .8 ), Overall 
Weight Lost (Figure 6.9), Average Twenty Four Hour Cold Water 
Absorption (Figure 6.10), Average Five Hour Hot Water 
Absorption (Figure 6.11), Average Saturation Coefficient 
(Figure 6.12), Average Compressive Strength (Figure 6.13), 
Optimum Moisture Content (Figure 6.14).
These relationships were developed by testing a series 
of samples with sludge and fly ash ranging from zero to 
seventy five percent by weight.
Utilization of different proportions provided a 
variation in the percent of solids content and percent of 
volatile content. Use of these proportions allowed for a 
determination that a wide proportion of sludge and fly ash 
may be used without altering the structural properties of the 
brick. The relationships developed during testing of these 
brick samples only produced minor variations.
The effect of waste materials addition to clay brick are 
given in the following section:
6.2.1 Firing Characteristics
The addition of sludge and fly ash to the manufacturing 
process should not prove to be a hindrance, in effect the 
relationship between the components should be synergetic. 
Air drying of the bricks is subsequently required prior to
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burning regardless if the sludge, fly ash is present or not. 
Additional time during the dehydration stage of burning may 
be required to effectively remove the chemically bound 
volatiles within the brick.
Firing characteristics of the clay bricks may be altered 
by the addition of sludge, and fly ash. Energy required to 
burn the brick is theoretically reduced due to the increase 
of volatile organics contained within the sludge. As 
previously discussed, many material additions such as breeze, 
coal dust and oil have proved to aid in sustaining combustion 
within the kiln. Sludge contains an estimated energy value 
of 24 u  /Kg dried weight. This compares quite well to 
oil 47 kJ / Kg and Bitumen coal 32 fcj/K g . 
Theoretically, the sludge should therefore provide for a 
reduction in the energy required to burn the brick.
Fly ash is a glassy raw material which can be fired very 
rapidly in comparison to clay because fly ash does not 
undergo abrupt crystalline phase changes during firing as 
clay does, therefore it should fire in less time required 
for firing clay brick, resulting in large energy savings.
A reduction in the amount of clay contained within brick 
should also reduce the energy requirements during burning. 
The addition of sludge, fly ash will accomplish this by 
partially replacing the volume normally occupied by the clay.
6.2.2 Bulk Density
Density of the brick is decreased due to the presence of 
voids and gas bubbles formed during the oxidation of the 
sludge. Bubbles of gaseous water and carbon dioxide are 
formed from the oxidation of the organics contained within 
the sludge.
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Pozzolanicity is the cementitious reaction in fly ash 
hardening. Therefore density of the brick is increased 
through the addition of fly ash with sludge.
Bulk density presented in (Figures 6.2 & 6.3) decreased 
with increase in sludge and fly ash addition. Assuming that 
the external parameters such as extrusion pressure are 
equivalent for all the extruded samples, then only variations 
in the relative amounts of sludge and fly ash will affect 
sample density. Sludge and fly ash additions will increase 
both the quantities of chemically bound and volatile 
constituents contained within the sample. During drying and 
firing, the chemically bound water and volatile components 
are expelled from the sample in a gaseous form. This gas 
release leaves voids within the brick and thereby decreases 
density.
Dry density, ranges from 17.5 kN/m^ for samples 
containing zero percent sludge and fly ash to 14.6 kN/m^ for 
samples containing 50 percent sludge and fly ash.
Burnt density, ranges from 20 kN/m^ for samples 
containing zero percent sludge and fly ash to 18.33 k-N/m^ for 
samples containing 50 percent sludge and fly ash. It has 
been found that the addition of fly ash and sludge to 
clay/shale reduces the bulk density of clay brick. This 
illustrates that the Biofly brick can be up to about 25% 
lighter than ordinary brick.
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6.2.3 Shrinkage
Shrinkage of the brick occurs during the air drying 
stage and during the burning stage. Theoretically, this can 
be explained in two parts:
First: The sludge tends to increase the quantity of 
chemically bound water contained within the brick. During 
the dehydration of the burning sequence, chemically bound 
water is released causing shrinkage to occur.
Second: Shrinkage also occurs during the vitrification 
stage. During this stage the clay particles begin to flow, 
partially or completely filling the voids and gas bubbles 
left by the oxidation of the sludge. The addition of sludge 
will tend to increase the shrinkage that occurs with the 
brick during manufacturing.
The nature of the fly ash particles is quite similar to 
glass, both in elemental composition and leaching properties, 
and as such is relatively inert. However, on the surface of 
the spheres exists either easily exchangeable or absorbed 
molecules which, when in the presence of a liquid become 
dissolved. It is this mechanism, Theis and Richter (1979) 
believe ultimately produces leachate, therefore during drying 
and firing the fly ash undergoes negligible shrinkage. The 
additions of fly ash will tend to decrease the shrinkage that 
occurs with the addition of sludge to the brick during 
manufacturing.
Average values of various shrinkages of all samples are 
shown in (Figures, 6.5, 6 . 6 & 6.7). Shrinkage occurs during 
drying by the particles being physically drawn together after 
the evaporation of entrapped water. Firing shrinkage occurs 
when particles fuse together, thereby shrinking the voids 
left by the expelled water and volatiles. Typical total 
shrinkage ranges from 2.5 to 10 percent (Plummer, 1977). All 
the experimental values obtained were within the above range.
Dry shrinkage, varied from 5 percent for samples 
containing zero percent sludge and fly ash to 0 . 7 percent for 
samples containing 65 percent sludge and fly ash.
Burnt shrinkage, ranged from 3 percent for samples 
containing zero percent sludge and fly ash to 1 0 . 1  percent 
for samples containing 60 percent sludge and fly ash.
The overall shrinkage of biofly brick during drying and 
after firing range from 4.0 percent for samples containing 
zero percent sludge and fly ash to 5.85 for samples 
containing 60 percent sludge and fly ash. A small increase 
in overall shrinkage is observable however this is within the 
acceptable values.
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6-2.4 Weight Lost
The amount of weight lost of the material during drying 
and firing are shown in Figures 6.8, 6.9 & 6.10. The weight 
loss is d i r e c t l y  r e l ated to w a t e r  content, chemically bound 
water quantities and volatile content.
D u r i n g  d r y i n g  process, w a t e r  is e v a p o r a t e d  a c c o u n t i n g  
for the first weight loss which ranged from 20.3 percent for 
s a m p l e s  c o n t a i n i n g  zer o  p e r c e n t  s l u d g e  and fly ash to 18.4 
for samples containing 55 percent sludge and fly ash.
Chemically bound water and volatiles are released during 
firing, c a u s i n g  w e i g h t  to v a r y  an a v e r a g e  of 5.3 p e r c e n t  
b e t w e e n  t h e  z e r o  p e r c e n t  s l u d g e  a n d  fly a s h  c o n t a i n i n g  
samples to 9.5 for samples c o n t a i n i n g  55 percent sludge and 
fly ash.
O v e r a l l  w e i g h t  l o s s  of  b o t h  d r y  a n d  b u r n t  s a m p l e s ,  
ranged from 12.8 for samples conta i n i n g  zero percent sludge 
and fly ash to 13.95 for samples containing 55 percent sludge 
and fly ash.
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6.2.5 Absorption
Twenty four hour cold water absorption and five hour 
foiling water absorption tests were performed according to 
Australian Standard requirements and are shown in Figure 6.11 
and 6 . 1 2  respectively. It has been found that absorption 
increase with increase in sludge and fly ash addition in most 
of the samples. All samples produced were able to surpass 
maximum saturation coefficient 0.96 of samples containing 
zero percent sludge and fly ash, illustrated in Figure 6.13.
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6.2.6 Compressive Strength
Compressive strength of the bricks will be effected by 
the addition of sludge, fly ash. The addition of sludge into 
the brick will reduce the quantity of material able to 
vitrify during burning. This, plus the voids and gas bubbles 
formed by the oxidation of the sludge, will tend to produce a 
slightly less solid brick. Therefore, the strength of the 
brick should vary inversely to the quantity of sludge added.
Fly ash is comprised of very fine particles, the 
majority of which are glassy spheres, scoria and some 
crystalline matter and carbon. The addition of fly ash into 
the brick will increase the quantity of material able to 
vitrify during burning. During this the clay, fly ash 
particles begin to flow, either partially or completely 
filling the voids and gas bubbles left by the oxidation of 
the sludge, the addition of fly ash will tend to increase the 
strength of the brick which decrease with the addition of 
sludge to the brick.
It has been found that the addition of fly ash and 
sludge increased the strength of the samples in most of the 
samples (Figure 6.14). Moreover, the strength developed in a 
given firing time is much higher than that for clay/shale 
samples. Most samples able to exceed Australian Standard 
Grade A requirement of 48.26 MPa. Findings about compressive 
strength and assessed compressive strength represented in 
Table 6.7.
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Table 6.7 Results of Compressive Strength & Assessed Compressive Strength
of Biofly & Clay Shale Bricks
Sample C (MPa) ASS.C (MPa)
Y1 112.38 84.56
N2 118.14 74.95
\3 92.36 4329
Y4 97.10 87.38
V I40 101.52 8327
V145 67.55 69.70
V I50 89.98 79.10
V I55 115.58 62.35
N15 42.45 47.93
N1Ó 64.13 . 63.33
N17 71.39 64.05
N18 72% 76.30
N19 71.30 58.78
K20 6123 7029
K21 60.36 61.80
K22 85.04 64.05
K23 89.44 100.73
K24 66.45 46.43
K25 65.89 73.53
C/S 48.87 33.11
Calculations:
1. C Compressive Strength (MPa) 
W _ 4 x W
A "  n.D2
2 ASS.C = Assessed Compressive !
ASS.C = 1 .3 3 q  or C- 0.38 R 
H - [_!
R
Where:
2
q = Lowest C
c = Average C
R = Range
H = Sum of 2 highest C
Ll = Sum of 2 lowest C
6.2.7 Mriishire Content
For each mixture configuration investigated, it was 
first necessary to determine the optimum moisture content. 
This was the first step in the analysis sequence. The 
optimum moisture content is expressed as weight of water 
divided by weight of dry solids times 1 00 percent at which 
the maximum dry density is achieved when a material is 
subjected to a given compactive effort. Unless specified 
otherwise, the compactive effort is that of the standard 
proctor compaction procedure for soils. This was the 
procedure used in this investigation. By compacting 
specimens at varying moisture contents and determining the 
densities, a moisture-density curve can be generated which 
shows the optimum moisture and corresponding maximum dry 
density. This was accomplished for 19 different mixtures and 
clay/shale and the resulting curve are presented in Figure
6.1 as example. For the rest of the figures the reader 
referred to Appendix I. Figure 6.15 show that in most of the 
case an increase in sludge and fly ash content resulted in 
higher optimum moistures and correspondingly lower maximum 
dry densities. This was expected based on the moisture 
retaining nature of the sludge. The addition of sludge and 
fly ash also resulted in "flatten" curves in most cases, 
suggesting that moisture content is less critical in mixtures 
containing sludge and fly ash. This would be an advantage in 
a field situation since it is difficult to control the 
moisture content.
The optimum moisture for each mixture having been 
established, the specimens were all mixed within ± 1 percent 
from the optimum moisture content.
The optimum moisture varied from 15 percent to 28 
percent and this is acceptable both in the laboratory as well 
as for large scale manufacturing.
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6-2.8 Efflorescence & Pitting Due to Lime Particles
Extensive Australian testing has shown that 
efflorescence resulting from salt in the bricks themselves is 
very uncommon and it does not appear that efflorescence from 
this cause is ever more than a slight problem in this 
country.
Some of the lighter coloured bricks in all states 
occasionally contain soluble salts of vanadium that can cause 
staining as they are brought to the surface. By contrast 
with efflorescencing salts vanadium stains do not cause 
damage. They will often be washed away by rain or can be 
removed by fairly simple methods. .
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With regard to the clay/shale ranged from 25 percent to 
50 percent. All the "Biofly" brick results shown "Slight" 
which means not more than 1 0% of any surface of the sample 
covered by a thin deposit of salts. Thus all the samples 
were able to meet the specification.
If the clay used for brickmaking contains particles of 
limestone, these will be converted to quicklime when the 
bricks are fired. Subsequent exposure of the bricks to 
moisture, either as vapour in the air or as liquid water, 
will slake the quicklime and cause it to expand. If the lime 
particles are large their expansion can cause flakes or chips 
to be forced off the surfaces of the bricks. In Australia 
this fault is uncommon and is becoming even less common as 
the methods of raw-material preparation become more 
efficient. Fines grinding and harder firing result in 
smaller particles of lime and stronger bricks, both factors 
tending to reduce the chance of spalling.
With less clay/shale content ranged from 25 percent to 
50 percent which means less limestone particles. All the 
results shown "Nil" which means no pitting due to lime 
particles. All the samples tend to meet the specification. 
It is concluded that good colors and textures will be 
accepted from the purchaser.
6.3 T.KArHTWG STUDIES
Five samples of five different formulations of the 
finished Biolfy brick were tested for determination of lead 
and zinc levels in an aqueous metal acetate solution. The 
results appear in Table 6 .8 . All the samples tested showed 
no detectable amount of zinc and lead.
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Table 6.8 Results of Leachate Tests
No. of 
Samples
Symbol Formulation Concentrators
ZnO mg/l Pb mg/l5 Y1 5S + 45 FA + 50 C/S Not Detected Not Detected5 V I50 10 S + 50 FA  + 40 C/S Not Detected Not Detected5 N19 15 S + 55 FA. + 30 C/S Not Detected Not Detected5 K25 20 S + 55 FA. + 25 C/S Not Detected Not Detected5 C/S Clay/Shale Not Detected Not Detected
All frie samples Immersed In the acid showed no discolouration or evidence of being attached by the
Based upon the applied studies of constitutive metal 
mobility, metal laden sludge and fly ash samples exhibits 
somewhat higher levels of metal volatilization. However, 
these findings were not judged particularly conclusive and 
will certainly warrant further detailed evaluation.
Conceivably, organic metal contaminants would decompose 
during firing. These metals may then be in either a free 
state or combined with other available anions. Similarly, 
compounds present as carbonates, hydroxides and sulfides 
would also be expected to decompose during the high 
temperature firing, producing free metal species. These free 
metals would then likely form more stable compounds composed 
of chlorides, oxides or silicates, dependant upon existing 
environmental conditions like redox, temperature, etc.
Generally, redox conditions would vary throughout the 
sample ranging from an oxidizing environment at or near the 
to a reducing situation near the core. Accordingly, 
the reactivity and complexation of contained metals would 
likely vary as a function of position within the sample 
matrix, and given the relative volatilization points of the 
metal species. These findings will certainly warrant 
further detailed evaluation.
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6-4 CHARACTERIZATION OF AIR POLLUTANTS EMITTED DURING
DRYING/FIRING
6-4.1 Introduction to Air Pollution Emitted from Brick Plant 
Kiln
From the literature review, it appears that no studies 
have been reported from Australian brick making operations 
concerning air pollutants emitted during brick manufacture. 
From this it cannot, however, be concluded that there are no 
pollutants emitted. From overseas literature, several 
pollutants have been emphasized in emissions from brick 
making operations and these are fluorine, sulphur oxides and 
particulates. Some details of these are given below.
A review of literature reveals that little specific 
information has been published concerning brick plant 
emissions. In a paper presented at the Environmental Control 
Seminar at Rotterdam (Brandt & Anderson, 1971), it was stated 
that brick manufacturing is responsible for the bulk of 
fluorine emission from industrial sources in the United 
States. Another report also attributes a significant 
proportion of atmospheric fluorine to brick manufacturing 
(Fluorides, National Academy of Sciences, 1971). These 
statements, as well as those from other published works, 
appear to be based on values calculated from average fluorine 
contents of surface clays and not on actual stack-gas 
analysis. Such clays contain fluorine, although most 
analysis found in the standard ceramic reference do not 
report its presence. The most complete data are given by 
Robinson and Edgington (1946). They report the fluorine 
contents of clays from throughout the United States for 
samples taken from the surface to nine feet deep. Their 
results showed that fluorine concentrations varied from 1 2 
ppm to >7000 ppm.
-113-
The presence of sulphur in clays and the emission of 
sulphur gases during the firing of brick is well documented. 
Analyses of emissions from a kiln in a face-brick plant 
reported by Jackson (1924), showed that both SO2 and SO3 are 
being emitted. The ratio of the amounts of the two gases was 
not constant. The variations were attributed to changes in 
temperature and in the amount of excess air used for 
combustion.
There have been numerous articles concerning brick plant 
emissions in English and German publications. In general, 
some of these papers report on the evolution of fluorine and 
sulphur oxides which appear to be the major air pollutants 
produced from brick manufacturing. Considerable damage to 
cattle and to vegetation has been noted in areas surrounding 
brick plants (Ernst, 1968, 1972; Blakemore, et al., 1948; 
Routschka, et al., 1970; Kan, 1972).
Particulate emissions have not been excessive in most 
brick plants using oil or natural gas as fuels. When coal is 
used or when insufficient combustion air is used for flashing 
the ware, the amount of particulate emitted can exceed 
allowable limits (Rowden, 1969). Luxon (1970) showed that 
ammonium silicofluoride fumes were produced from kilns firing 
earthenware. The particulate was extremely fine with a 
median size of 0.1pm. Smith & Spencer (1972) reported the 
presence of similar compounds are formed by gas phase 
reactions that produce solids by condensation at relatively 
low temperatures.
6.4.2 Analysis of Air Pollutants from Laboratory Firing Kiln
Laboratory tests were conducted with furnace door 
fractionally opened to create air flow within the cavity. 
The exhaust gases were analysed to determine both the 
concentration of heavy metals and other obnoxious gases.
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6.4.2.1 Results for Heavy Metals
For the study of heavy metals, the exhaust gases were 
sampled for a period of 4 hours through a sampling train 
consisting of nitric acid and distilled water. The dissolved 
constituents were analysed using spectophometric techniques.
The concentration of heavy metals values obtained ranged 
from 0.998 mg/m3 for samples containing zero sludge &  fly ash 
to 1.978 mg/m for samples containing 75% sludge & fly ash.
Fluoride values obtained were found to be 4.166 mg/m^ 
both samples, one containing zero sludge & fly ash and 
the other containing 75% sludge & fly ash and are shown in 
Table 6.9.
All the experimental values obtained were far less than 
standard for both heavy metals and fluoride (250,50 mg/m3 
respectively).
6.4.2.2 Results for Gas Analysis
The exhaust gases were sampled for a 10 minute period 
and later analysed for C02 , CO, CH4 and N 20. Emission 
quality is a parameter which is hard to describe. To define 
precisely, it is necessary to analyse each specific pollutant 
in not only its magnitude but also in time and space. From 
data reported by Ferrari et al. (1988), there was a slight 
increase in the concentration of the pollutants whereas the 
data showed a decreasing trend in average sampling period in 
the same time. Pollutants should be assessed using 
comparable time periods and in representative sampling sites. 
However, the exhaust gases in the University laboratory were 
sampled for a 10 minute period especially in the temperature 
range 500-900°C where peak gas emissions are expected. Two 
consecutive samples of 10 minutes each were collected whereas
No. of 
Samples
Sample
Description
OU
mg/m3
Gd
mg/m3
Pb
mg/m3
Zn
mg/m 3
Total Heavy 
Metals
Heavy Metals 
Mean 
W + N.A.
Standard
N.S.W.
mg/m3
F
mg/m
3
Fluorine 
Mean 
W + N.A.
Standard
Fluorine
N.S.W.
mg/m3
Ref.
Org.
V I40 N.A. <0.104 0.125 0.25 0.706 1.187
æ V I40 W 0.125 0.125 0.791 0.937 1.978 1.582
V145NA <0.104 0.104 0.208 0.166 0.582
3) V145 W <0.104 0.145 0.645 0083 0.977 0.779
V I50 N.A. <0.104 0.063 0.395 0229 0.811 250 MWDA
æ V150 W <0.104 0.125 0.687 0.104 1.02 0.915
N15N.A. <0.104 0.104 0.229 1.312 1.749
æ N15W <0.104 0.145 0.687 0.166 1.102 1.425
N16N.A. <0.104 0.104 0.333 0.625 1.166
30 N16 W 0.395 0.145 0.916 0.916 2.372 1.769
N17NA <0.104 0.104 0.270 0.145 0.623
30 N17W <0.104 0.145 0.708 0062 1.019 0.821
N18N.A. <0.104 0.104 0.229 0.5 0.937
30 N18 W <0.104 0.145 0.5 0.083 0.832 0.884
K20N.A. <0.104 0.062 0208 1.666 2.04
30 K20 W <0.104 0.125 0.75 0.916 1.895 1.967
K21 N .A. <0.104 0.062 0.145 0.104 0.415
30 K21 W <0.104 0.125 0.541 0.083 0.853 0.634
K22 N.A. <0.104 0.063 0.166 0.062 0.415
30 K22 W <0.104 0.125 0.854 0.687 1.77 1.092
K23 N.A, <0.104 0.083 0.416 0.083 0.686
30 K23 W <0.104 0.145 0.937 0.666 1.852 1.269
K24 N.A. <0.104 0.063 0.437 0437 1.061
30 K24 W 0.145 0.125 0.833 1 2.103 1.582
K25 N.A. 0.291 0.25 0.25 0.666 1.457 4.166 9D MWDA
30 K25 W 0.458 0.25 0.333 1458 2.499 127S 4.166 4.166
C/S N.A. 0.062 0.062 0.229 0.583 0.936 4.166
30 C/S W 0.104 0.011 0.291 0.604 1.04 0.988 4.166 4.166
I1 1 5-
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the total firing time for the samples was 7 hours. Thus, the 
10 minute average concentration values were converted to 
average 7 hour value for comparison.
CO2 values obtained ranged from 440 ppm for samples 
containing zero sludge & fly ash to 1,063 ppm for samples 
containing 75% sludge & fly ash.
CO2 values obtained ranged from 5 . 3  ppm for samples 
containing zero sludge & fly ash to 22 ppm for samples 
containing 75% sludge & fly ash and both were under the 
standard value (150 ppm).
CH^ values obtained ranged from 1 ppm for samples 
containing zero sludge & fly ash to 1 ppm for samples 
containing 75% sludge & fly ash.
N 2O values obtained ranged from 272 ppm for samples 
containing zero sludge & fly ash to 983 ppm for samples 
containing 75% sludge & fly ash (Table 6.10).
These limited results were clearly found to be below the 
acceptable standards for incineration.
It is concluded that all the experimental values 
obtained for both heavy metals, fluorine and gas samples were 
significant compared to standard incineration.
Because of the lack of effluent gas composition data 
from normal brick production in Australia (convential clay 
bricks), a preliminary study of selected plants to gather 
such data is envisaged. The new data will be used as a guide 
for further work.
As observed from Table 6.10, there is a lack of standard 
data about air pollution levels, further work needs to be 
conducted in this aspect after this pilot study.
Table 6.10 Results for Gas Analysis by Spectrophotometer
Sample
Description
Gas
Cylinder
No.
No. of 
Samples
C02ppm 
(10 min)
CO ppm 
(10 min)
CH4 ppm 
(10 min)
N20 ppm 
(10 min)
Mean C02 
ppm (7 hrs)
Mean CO 
ppm (7 hrs)
Mean CH4 
ppm (7 hrs)
Mean N20 
ppm (7 hrs)
C/S 1 30 13600 167 29 7650
C/S 2 30 18,100 212 41 12 XXX) 440 5.3 1 272
S/F.A./C 3 30 390X1 925 61 63600
S/F.A./C 4 30 37600 675 10 7,750 1063 22 1 963
Standard 150
Ref. Org. MWDA
S.D.% 1.5 2 10 X»
MWDA Metropolitan Waste Disposal Authority
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6 . 5 STATISTICAL ANALYSIS
Statistical analysis was performed on the data of 
compressive strength. An estimate of standard deviation, 
coefficient of variation and variance for each measured 
parameter was made to establish confidence intervals on the 
measured values. Findings are illustrated in Table 6.11 and 
showed that standard deviation is generally high compared to 
that of straight clay/shale samples. This can be attributed 
to variability in other material properties.
The variances calculated are exaggerated to some extent 
because part of each variance was due to differences in the 
extruded specimens. The values in the table were based on 
the assumption that each ten data were describing the same 
specimen. Thus the actual variability of the measurements 
might be less than that shown in Table 6.11.
Table 6.11 Statistical Analysis for Results of Compressive Strength
Statistical Analysis Calculation
1. Mean (x) C MPa
2  Standard Deviation (S) S.D.
3. Coefficient of Variation (% ) S.D.C.O.V. = ----  x 100 %
C
4. Variance (S2) V
Sample C MPa S.D. C.O.V. (%) V
Y1 11238 3355 2985 112601
Y2 118.14 3045 2577 92745
Y3 9236 3347 3603 112067
Y4 97.10 24.49 2522 599.94
V I40 10152 2782 2740 77403
V I45 6755 1127 16.68 12701
V I50 89.98 3185 3539 101455
V I55 11558 34.12 2952 116465
N15 4245 855 1967 6981
N16 64.13 1503 2343 226.13
N17 7159 17.44 24.42 30124
N18 7296 1163 15.94 13534
N19 7150 17.13 2402 29362
K20 6123 6.60 1077 4367
K21 6056 1219 20.19 14380
K22 8504 2184 25.68 47728
K23 8944 1155 1291 13348K24 6645 2257 33.96 £0951K2S 6589 6.99 1060 45.96
C/S 4887 14.10 2885 19387
CHAPTER SEVEN
HEALTH SAFETY ISSUES
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7.1 INTRODUCTION
Consideration of the possible impact of working with 
sludge on health and safety is an important aspect of this 
project. Health safety issues need to be considered in the 
light of available information and experience. Moreover, the 
composition and properties of sludge need to be reviewed at a 
fundamental level. Widespread prejudice and suspicion 
concerning the possible ill effects of working with sludge 
are understandable because of lack of adequate information. 
On the basis of published facts and accumulated experiences 
such perceptions can be removed and the health impacts can be 
considered rationally. At the very outset, it must be stated 
that hygienic and normal precautions are always emphasized in 
the literature. Observance of good hygiene will continue to 
be emphasized in the future.
7.1.1 Water Board Experience
One way of considering the health aspects of working 
with sludge is to compare health of sewerage workers with 
those of non-sewerage workers. This can be done on a 
scientific basis using a statistical approach. The aim of 
such a study would be to ascertain if there are significant 
differences in the occurrence of illness and in days lost due 
to illness and other similar factors.
Such a comparison has been made by the Sydney Water 
Board and the results are shown in Table 7.1. The clear 
conclusion which can be drawn from the results of this study 
is that there is no significant difference either in total 
occurrences of illness or in number of days lost for workers 
associated with waste treatment plants.
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Table 7.1 Statistical Comparison of Sewerage/Pollution Control
Wages Employees with Other Non-Sewerage/Pollution Control
Wages Employees for the Period 1/7/87 to 30/6/88 
(Information Provided by the Sydney Water Board)
The following statistical comparisons were all carried out between the Sewerage/Pollution Control 
Wages employees with Non-Sewerage/Pollution Control Wages employees chosen at random.
Overall Comparisons
Total No. of Occurrences No significant difference
Total No. of Days Lost No significant difference
Total Proportion of Days Lost/Occurrence There Is a significant difference
The Other Wages employees have a significantly higher proportion of Days Lost/Occurrence when 
compared with the sewerage workers.
Listed Illnesses Only 
Total No. of Illnesses (as listed)
Total No. of Days Lost (as listed)
Total Proportion of Days Lost/lllness (as listed)
Other Non-Usted Illnesses 
Total No. of Other Illnesses No significant difference
Total No. of Days Lost (other) There Is a significant difference
The Other Wages employees have a significantly higher number of Days Lost/lllness when compared 
with the sewerage workers.
Total Proportion of Days Lost/lllness (other) There Is a significant difference
The Other Wages employees have a significantly higher proportion of Days Lost/Occurrence when 
compared with the sewerage workers.
No significant difference 
No significant difference 
No significant difference
7.2 STANDARDS FOR THE DISPOSAL OF SEWAGE SLODGE. PROPOSED
ROLES, ENVIRONMENTAL PROTECTION AGENCY, P.S.A.
7.2.1 Pathogen Reduction Requirements
Section 503.52 EPA proposes three classes of pathogen 
reduction to achieve the objective of reducing pathogenic 
organisms below levels of detection. EPA developed the three 
classes or levels of pathogen reduction to provide treatment 
works greater flexibility in reducing the risk of infection, 
and disease from pathogens. Treatment works may meet the 
pathogen reduction requirement by treating the sewage sludge 
to the Class A performance standard. The requirement may 
also be met by treating the sewage sludge to a Class B or a
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Class C performance standard and by placing time restrictions 
on public access to the land where the sewage sludge is 
applied and placing time restrictions on growing and 
harvesting crops and grazing animals on that land.
The following extracts are directly obtained from the 
proposed EPA rules on sludge handling and management.
7.2.1.1 Class A
Class A pathogen reduction is achieved by processing the 
sewage sludge. Generally, this will involve composting the 
sewage sludge or using other processes that increase the 
temperature of the sewage sludge to 50 to 60 degrees Celsius.
To achieve Class A reduction, the pathogenic bacteria, 
viruses, protozoa, and helminth ova in the sewage sludge must 
be reduced to below detectable limits. By requiring that 
bacteria, viruses, protozoa, and helminth ova are all below 
levels of detection, the Agency believes that these 
organisms will not infect individuals or animals.
EPA is proposing that when the temperature of sewage 
sludge is raised (53 decrees Celsius for 5 days or 55 degrees 
Celsius for 3 days or 70 degrees Celsius for one-half hour) 
and the density of fecal coliforms and fecal streptococci per 
gram of volatile suspended solids are each egual to or less 
than 100. the Class A pathogenic reduction requirements are 
achieved.
Fecal coliforms and fecal streptococci are benign 
organisms present in fecal material. They are used as 
indicators of the presence of feed material. If their 
densities are high the risk of infection levels of pathogenic 
organisms is also high. Agency data indicate that when 
coliform densities in processed sludge are low ( 1 00 per gram
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of volatile suspended solids or less), Salmonella are absent 
and when coliform densities are high, Salmonella are present. 
Thermal processes are about as efficient in destroying 
pathogenic organisms as they are in destroying fecal 
indicators, but the fecal indicators are present in much 
higher densities. When the fecal indicators are reduced to 
very low values, the likelihood of pathogen survival is 
negligible. Research also shows that thermal processes must 
above to ensure the destruction of helminth ova 
(Ascaris. sp.).
Sewage sludge that is distributed and marketed must meet 
Class A pathogen reduction reguirements.
7.2.1.2 Class B
To reduce pathogenic organisms to safe levels Class B 
pathogen reduction requirements use a combination of 
treatment and time restrictions on access to and use of land 
to which the sewage sludge is applied. The level of 
pathogenic organism reduction or the density of indicator 
organisms is based on well-operated treatment works that use 
primary settling, followed by activated sludge treatment and 
anaerobic digestion. For treatment works to achieve the 
Class B pathogen reductions, they must either demonstrate 
that the treatment processes reduce the average density of 
pathogenic bacteria and of viruses per unit mass of volatile 
suspended solids in the sludge two orders of magnitude lower 
than those densities in the incoming wastewater or 
demonstrate that the densities of each of the fecal indicator 
organisms is 6 log>j q or less.
No reguirements for reduction in protozoan cvsts of 
helminth eggs are specified. Protozoan cysts are believed to 
be greatly reduced in numbers by sludge processing and even 
if they were not greatly reduced, their numbers are reduced
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through environmental exposure on land. Helminth eggs are 
not significantly reduced by processing and their densities 
decline slowly in the environment. The long period when 
growing food crops with the harvested portion below the 
ground is not allowed (5 years or 18 months if no viable 
helminth ova are found) and the 12 month period during which 
public access to the fields is restricted protect the public 
against possible ingestion of viable infective helminth eggs.
The test data that the Agency has on the reduction in 
pathogenic organisms are based on relative log-j q reductions.
The_Agency found that absolute numbers varied significantly
between facilities depending on the influent to the treatment 
work, the method used to measure the pathogenic organisms, 
and the investigator conducting the measurements. However, 
for fecal coliforms and fecal streptococci, the Agency does 
have data indicating that when treatment of the influent 
includes a well-operated physical or biological process and 
these processes are combined with alkali additions, chlorine 
additions, or storage of the sewage sludge, the log density 
of fecal coliforms and fecal streptococci each are 6 . 0 or 
less. Reductions in fecal indicators correlate well with 
reductions in pathogenic bacteria and viruses when a 
combination of processes is used to treat the influent and 
the sewage sludge. Current data also indicate that the 
logarithms of the densities of fecal coliforms and fecal 
streptococci in the influent to the treatment works do not 
vary significantly for different wastewater. For these 
reasons, the Agency believes an absolute value for fecal 
indicators can be used to indicate that the Class B pathogen 
reduction has been achieved.
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7.2.1.2.1 Access and Use Restrictions - Class B
When_the Class B treatment standards are m e t , some
pathogenic bacteria and viruses remain. In addition, if 
protozoa and helminth ova are in the influent, they are 
likely to be in the sewage sludge. Therefore, as part of the 
Class B pathogen reduction requirements, EPA is imposing 
access and use restrictions to limit exposure to the sewage 
sludge and provide time for attenuation of the pathogenic 
organisms. The period of time EPA is proposing to limit 
access to and use of the land should be sufficient to 
minimize the risk of disease when individuals, plants, and 
animals come in contact with the sewage sludge.
The first two Class B use restrictions are for food 
crops. Food crops that have harvested parts above the ground 
touching the sludge-soil mixture cannot be grown for 18 
months after application of the sewage sludge. If the 
harvested parts are above the ground and do not touch the 
sewage sludge, there is no restriction on growing the crop. 
The 18 month period provides time for the sun's radiant 
energy and desiccation to inactivate helminth eggs that are 
the most resistant to environmental stress.
Food crops with harvested parts below the ground cannot 
be grown for a period of 5 years unless a demonstration is 
made that there are no viable helminth ova in the soil. 
Research results indicate that helminth ova survive in soils 
for as long as 4 years after application of the sewage 
sludge to the land, even though their survival rate is 
expected to be low. At least 18 months is sufficient, 
however, to allow time for the inactivation of most of the 
helminth ova on the soil surface.
The third requirement is that feed crops may not be 
harvested for a period of 30 days after application of the 
sewage sludge. The restriction protects humans and animals
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from contact with the harvested product. The 30-day period 
allows wind action and rainfall to reduce the amount of 
sewage sludge that adheres to the crops.
The fourth requirement restricts the grazing of animals 
on agricultural land for 30 davs after application of the 
sewage sludge. This prevents animals from physically 
removing the sewage sludge from the fields where the sewage 
sludge was applied. The restriction also reduces the 
potential for infection of animals from bacterial diseases, 
such as salmonellosis, that can be transmitted to humans. 
Thirty days should provide sufficient time for rain and wind 
to remove most of the sludge from the plants and for the 
adverse environmental factors to cause pathogen die-off.
The Class B access restriction further prevents access 
by the uninformed public to the land where the sewage is 
applied for 12 consecutive months. Agricultural workers and 
personnel who apply the sewage sludge to agricultural and 
non-agricultural land are exempt from the restriction. Twelve 
months is fully protective against viruses and bacteria and 
will provide protection against helminths. The time 
restriction for public access is less than the time 
restriction for growing crops, because the risk of infection 
is less from walking or sitting on the land than it is from 
ingesting food crops grown on the sludge-amended soil.
7.2.1.3 Class C
i
Class C pathogen reduction requirements and the 
densities of indicator organisms are based on the performance 
of treatment works that have aerobic treatment processes with 
long detention times and no primary settling processes. The 
Class C reductions in pathogenic organisms or densities of 
fecal indicator organisms are slightly less stringent than 
the Class B requirements. Therefore, the Class C access and
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use restrictions are more stringent than the Class B 
restrictions. Class C pathogen reduction is achieved when 
processes reduce the density of bacteria and animal viruses 
per unit of volatile suspended solids in the sludge 1 . 5  
orders of magnitude lower than those densities in the 
incoming wastewater.
Treatment works may also demonstrate that the density of 
fecal coliforms in sewage sludge does not exceed 6 . 3 loq-j q or 
less per gram of volatile suspended solids and the density of 
fecal streptococci in the sewage sludge does not exceed 6 . 7  
log-j 0 or less per gram of volatile suspended solids prior to 
disposal.
7.2.1.3.1 Access and Use Restrictions - Class C
The first two Class C use restrictions are the same as 
the first two Class B use restrictions. They restrict 
growing food crops with harvested parts that are above the 
ground and that touch the sludge-soil mixture for a period of 
18 months. Restrictions are also placed on growing crops 
with harvested parts below the ground for a period of 5 years 
unless a demonstration is made to show that helminth ova are 
not present in the soil. If that demonstration is made, food 
crops with harvested parts below ground may be grown after 18 
months.
The third and fourth requirements restrict the 
harvesting of feed crops for 60 days and the grazing of 
animals for 60 days. Both of these requirements are 30 days 
longer than the Class B restriction. This additional time 
is being imposed because of the less stringent logarithmic 
reduction in pathogenic organisms and the less stringent 
pathogenic densities for indictor organisms.
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The access restriction for Class C pathogen reduction 
restricts access to all personnel, except for those applying 
the sewage sludge, for 12 m o n t h s . The Class B access 
requirement only restricts access to the public for 1 2  
months. The Class C access requirement is more stringent 
because of the less stringent logarithmic reduction in 
pathogenic organisms for Class C requirements.
7-3 VECTOR ATTRACTION REDUCTION
Vectors such as rodents, flies, and mosquitoes play an 
important role in the spread of pathogenic diseases. To 
break that link, treatment works are to eliminate the 
characteristics of sewage sludge that attract vectors. 
Untreated sewage sludge is a high energy food source that can 
nourish insect larvae and provide food for vectors. 
Putrescible organic compounds, including organic amines such 
as pulrescine and cadaverine and short-chained fatty acids 
such as butyric acid, give off odors that attract vectors. 
The characteristics of sewage sludge that attract vectors can 
be reduced or eliminated by composting or digesting the 
sewage sludge, by raising the pH of the sewage sludge, by 
reducing the moisture content of the sewage sludge, or by 
injecting the sewage sludge below the surface of the ground. 
EPA is proposing five indicators which show that the sewage 
sludge has been processed sufficiently so as not to attract 
vectors. In lieu of meeting these indicators, owners or 
operators of treatment works may inject the sewage sludge 
below the surface of the ground to meet the vector attraction 
reduction requirements (unless the sewage sludge is 
distributed and marketed). When sewage sludge is distributed 
and marketed, injection below the soil surface cannot be used 
to comply with the vector attraction reduction requirement 
because there is no control over the end user of the 
distributed and marketed product. In addition, sewage sludge
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is generally liquid when it is injected below the soil 
surface, but distributed and marketed sewage sludge is 
generally dried when it is either given away or sold.
The vector attraction reduction requirements may be met 
by reducing the volatile solids in the processed sewage 
sludge. The volatile solids of the processed sludge must be 
38 percent lower than the volatile solids in the influent. 
Experience over the last 9 years indicates that if the 
volatile solids content of sewage sludge has been reduced by 
38 percent, sewage sludge does not attract vectors. Volatile 
solids reduction is calculated by a volatile solids balance 
of the digester.
An alternative to the 38 percent volatile solids 
reduction is proposed because the Agency is aware of other 
measures that can be used to show a reduction in volatile 
solids. In many treatment plants, sewage sludge is returned 
after treatment to the aerator for more treatment or to the 
inlet of the digester to improve the fluidity of the incoming 
sludge. The sludge entering the digester has already been 
partially digested so it is extremely difficult to achieve an 
additional 38 percent volatile solids reduction by digestion. 
Available data indicate that when digestion occurs at 
mesophilic temperatures (30 to 38 degrees Celsius) the 
reduction in vector attraction of the sewage sludge is 
achieved if less than a 15% volatile solids reduction occurs 
in 40 additional days of batch digestion. The "ability to 
digest further" appears to be the best indicator of an index 
of the potential for the sewage sludge to putrefly further. 
This approach would not be a viable approach if an immediate 
evaluation of a sludge is required.
Another way vector attraction reduction can be achieved 
is to reduce specific oxygen uptake rate of the sewage sludge 
to 1 milligram of oxygen per hour, per gram of sewage sludge 
solids or less. This requirement only applies to sewage
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sludge treated in aerobic processes. If a sludge has been 
treated aerobically to the point where the biological 
organisms present are consuming very little oxygen, the value 
of the sludge as a food source for microorganisms is very low 
and thus the sewage sludge does not putrefy or attract 
vectors.
Vector attraction reduction may also be met by adding 
alkali to raise the pH of the sewage sludge to 12 or above 
and, without the further addition of alkali, to remain at 12 
or above for two hours and then to remain at 11.5 or above 
for an additional 22 hours. When the pH of the sewage sludge 
is raised to 12 or above, the bacterial activity is greatly 
diminished. When the pH of the sewage sludge drops below 
10.5, bacterial regrowth from spore-forming bacteria 
commences and the sewage sludge begins to putrefy. The 
requirement that no additional alkali be added after the 
initial increment assures the presence of sufficient excess 
alkali to prevent pH from falling below 10.5 for the several 
days needed to apply the sludge to the land. The pH values 
and time periods in the proposed rule are based on research 
results and experiences.
Another way to achieve vector attraction reduction is to 
dry the sewage sludge to achieve a 75 percent solids content 
of the sludge. Dry sewage sludge greatly diminishes the 
bacterial activity and, therefore, will not produce odors and 
will not putrefy. The 75 percent solids value must be 
complied with prior to mixing the sewage sludge with other 
materials. While the Agency believes that the 75 percent 
value is adequate, data on a wide variety of sludge are 
solicited, particularly on the potential spontaneous 
combustion of sewage sludge with a solids content between 60 
and 80 percent.
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The final way vector attraction reduction can be 
achieved is to inject the sewage sludge below the soil 
surface. The ground absorbs the moisture in the sewage 
sludge and that, combined with the cover over the sewage 
sludge, reduces the vector attraction of the sewage sludge.
When the vector attraction reduction for a Class A 
sewage sludge is achieved by injection below the soil 
surface, there is a concern that bacterial regrowth may occur 
in the sewage sludge-soil mixture. Good management practices 
c o u ld reduce, but hardly eliminated, all sources of 
contamination. Research results and experience indicate that 
if the fecal coliforms and fecal streptococci of the sewage 
sludge do not exceed 1 000 (3 log-jQ) per gram of volatile 
suspended solids at the time the sewage sludge is injected. 
It is likely that any bacteria introduced by contamination of 
the sewage sludge would have grown to densities that could 
threaten human health. For this reason 503.52 requires that 
if the sewage meets Class A pathogen reduction requirements 
and is to be injected below the soil surface for vector 
attraction reduction, owners and operations would have 
tomonitor the densities of fecal coliforms and fecal 
streptococci to ensure that the densities do not exceed 1000 
(3 log-jQ) per gram of volatile suspended solids at the time 
of injection.
As an alternative, the Agency considered specifying that 
the sewage sludge would have to be injected into the ground 
within a specified period of time after processing. However, 
without knowing the specific circumstances under which the 
sewage sludge would be handled or distributed, EPA could not 
discuss an appropriate length of time between processing and 
injection. Therefore, the Agency felt that it was more 
reasonable to look for evidence of regrowth.
-131-
7 -4 DISCUSSION OF HAZARDS BASED ON GUIDELINES OF E.P.A.
(U.S.A)
7.4.1 Pathogens
For consideration of health issues at a fundamental 
level, discussion of the various pathogens is essential.
A major public health concern is the risk of spread of 
human diseases by micro-organisms from human excreta in the 
sludge. The pathogens associated with sewage sludge fall 
into four categories, i.e. viruses, bacteria, protozoans and 
helminths. These are discussed below based on information 
compiled in the United States recently to develop standards 
for the disposal of sludge (EPA, 1989). Some relevant 
information is available from agricultural practice in 
Australia (Weir, 1989).
7.4.1.1 Viruses
Can only reproduce when inside their particular host 
(i.e. human or other animal) . They do not grow or reproduce 
within the sludge or soil. Important viruses can be 
classified into three groups:
(a) The enteroviruses (e.g. poliovirus, coxsactic viruses).
(b) Adenoviruses (e.g. hepatitis A virus) and
(c) The gastroentiritis viruses (e.g. rotavirus, Norwalk 
agent).
Sludges from sewerage works are rich in enteroviruses 
because a high proportion of virsues in sewage are, or 
become, bound to solids and are therefore concentrated in the 
sludge. The survival of viruses in soil is influenced by 
soil types, pH, sterility, temperature and moisture, with the 
last two being most influential. Survival is prolonged by
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lower temperatures and higher moisture content. 
Enteroviruses survive in drying sludges for over 8 months.
Inactivation_of viruses in sludge by heat requires 2 hours at
62°C, 1 day at 50°C. or 3 months at 30°C.
7,4.1.2 Bacteria
Comprise the most numerous pathogens found in sewage 
sludge. Like viruses, bacteria can survive and reproduce in 
sludge for several months in cool, moist conditions. 
Clostridium perfringens and salmonella s d d . .  both of which 
can cause gastroentiritis, are considered to be the most 
persistent bacteria. C. perfringens is a spore-forming 
organism and can persist for long periods in soils, waters 
and sludges. Salmonellae have been shown to survive for 2 
years in lagooned, anaerobically digested sludge. 
Salmonellae are killed when sludge is spread and dried on 
land or by heating to 60°C for 1 hour. 50°C for one day or 
45°C for 1 week.
7.4.1.3 Protozoans
That may be present in sewage include Giardia, Entamoeba 
and Cryptosporidium. These organisms cause disease in 
humans. They are much larger than bacteria and viruses but 
are still single-celled organisms. They are able to exist in 
a cyst or spore form which allows the organism to survive for 
prolonged periods in sewage sludge, soil and water. 
Cryptosporidium, Entamoeba and Giardia are killed when heated
to 63°C or bv storage for 4 months at ambient temperature.
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7.4.1.4 Helminths
There are numbers of human roundworms, tapeworms and 
liver— flukes that can pass back into the food chain and 
-̂nfect livestock and community if present in sewage sludge 
that is used on soil. These include Ascaris lumbricoides 
(human roundworm), Tainia saginata (beef tapeworm) and Tainia 
solium (pork tapeworm).
— eliminate Tainia eggs, sludge must be stored for a 
protracted period (several years in temperate climates) or 
heated to— (530°C for 5 days). Ascaris requires similar heat 
treatment,_or up to 5 years storage in temperate climates.
Before sludge can be applied to soil either one of the 
following requirements must be met:
(a) The density of salmonellae and viruses measured per gram 
of volatile suspended solids in the influent to the 
treatment works must be reduced bv at least 97%, OR
(b) When the influent to the treatment works is processed bv 
a physical or biological method and the resulting sludge 
is further processed bv a physical or biological method 
and stored for 1 dav. The densities of the indicator 
organisms must be less than 5 million faecal califorms 
per gram of volatile suspended solids in the sludge.
7.4.2 Odour and Fly Reduction Requirements
Anyone of the approaches in paragraphs A to E of this 
section may be used to meet the odour and fly reduction 
requirements.
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A. The mass of volatile solids in sewage sludge that is 
treated by an aerobic or anaerobic digestion process is 
reduced bv 38%.
The mass of volatile solids in sewage sludge that is 
treated bv an anaerobic digestion process is reduced bv 
less than 15% when the sewage sludge is processed for 40 
additional days at 30°C or more bv anaerobic digestion.
C. For sewage sludge that is processed bv aerobic 
digestion, the specific oxygen uptake rate of the sewage 
sludge prior to final disposal is egual to or less than 
1 milligram of oxygen per hour, per gram of sewage 
sludge solids.
D. The pH of the sewage sludge is raised to 12 or above bv 
alkali addition, and without the addition of more 
alkali, remains at 12 or above for 2 consecutive hours 
and then remains at 11.5 or above for an additional 
period of 22 hours.
E. The percent solids of the sewage sludge, based on the 
moisture and solids content of the sewage sludge prior 
to mixing with other materials, is 75% or greater.
7.5 SUMMARY OF HEALTH & SAFETY ISSUES
7.5.1 Transport. Handling and Storage
Dewatered sludge should be stockpiled on site. 
Dewatered sludge must be transported to the site in covered, 
water tight tipper trucks. It is best handled by conveyor 
belt or auger. If front end loader equipment is used, dust, 
odour and spillage must be minimised.
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7-5.2 Stockpiles of Dewatered Sludge
Dewatered sludge should only be stockpiled on slopes of 
less than 5%. Drainage controls should be provided upslope 
to prevent uncontaminated run-off entering the stockpile 
area. Downslope run-off controls such as silt traps, will 
prevent sludge-contaminated run-off from entering surface 
waters. The soil at the stockpile site should be compacted 
to prevent contamination of ground water. Sandy soils are 
unsuitable for stockpile areas.
7.5.3 Hygiene
People working with sludge should take precautions in 
order to minimise the disease risks of sewage sludge. 
Protective clothing must be worn when working with sludge or 
sludge mixes. A high standard of personal hygiene should be 
maintained. For example, precautions such as washing 
thoroughly before eating and not eating or drinking whilst 
working at or near sites where sludge is being used are 
recommended. Contamination of other areas from carriage of 
sludge on ploughs and tractor tyres, must be avoided. After 
using sludge check clothing and footwear for contamination 
before leaving the treated area. Keep domestic pets away 
from stockpiles of dewatered sludge. Check their paws or fur 
for any contamination before allowing them inside the house.
7.5.4 Site Cleanup
Effluent from cleaning of silos, etc. should be able to 
be returned to the sewer via a normal trash waste agreement.
CHAPTER EIGHT
CONCLUSION
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8.1 INTRODUCTION
Can the data generated give an argument for or against 
the use of municipal sewage sludge and fly ash in the making 
of a brick the so called "Biofly" brick? As far as small- 
scale sample bricks are concerned, the answer is clearly yes 
and is supported by the conclusions presented in the 
following sections.
8.2 STRUCTURAL CHARACTERISTICS
'Biofly' bricks specifications relate only to five of 
the tests performed on the specimen bricks which are 
compressive strength, absorption, efflorescence, pitting due 
to lime particles, shrinkage and weight loss. All except 
shrinkage and weight loss tests have no comparative values in 
the Australian Standard AS1226. However these were included 
as two additional parameters and tested using ASTM Standards.
Compression test results showed that as more sludge, and 
fly ash were added to the sample it became resistant to 
pressures on the load-bearing surfaces. The strengths of 
Biofly bricks ranged from 42 MPa to 118 MPa in comparison to 
48 MPa for clay/shale brick. The Biofly brick is clearly 
shown to be of higher strength than conventional bricks.
Shrinkage is a function of firing duration and 
temperature. Higher temperatures, especially with reducing 
atmospheres in the kilns, increases shrinkage, but can give a 
very strong brick with the bluish tinge in its colour. Thus, 
shrinkage and colour may be means of correlating durability 
in future bricks, once the volatile matter's influence is; 
understood with regard to these parameters. Typical total 
shrinkage ranged from 2.5 to 10 percent. A small increase in 
overall shrinkage is observed; however, this is within the 
acceptable values.
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Efflorescence and pitting due to lime particles were 
only tested so a purchaser will accept colours of the bricks. 
Efflorescence in comparison to the clay/shale ranged from 25 
percent to 50 percent. All the samples show "Slight" which 
means a thin deposit of salts and that is acceptable by the 
Australian standard.
Pitting due to lime particles in biofly brick is found 
to be less than in clay/shale brick in all samples. This is 
attributed mainly due to the small proportion of lime in the 
raw material of biofly brick. It is concluded that good 
colours and textures can be obtained for Biofly brick.
It is observed that water absorption increased with 
increased sludge and fly ash addition. However, this is 
still within the acceptable values, with regard to saturation 
coefficient, all samples able to surpass saturation 
coefficient of clay/shale sample, this will be accepted by 
the manufacturers.
Bulk density is affected by adding fly ash and sludge. 
It has been found that the addition of fly ash and sludge to 
clay/shale reduces the bulk density of clay brick. The 
results show that the Biofly brick will be about 25% lighter 
than ordinary brick.
It is concluded that fly ash, sewage sludge and clay 
shale have been successfully combined to make 'Biofly' bricks 
with adequate strength and other mechanical properties with 
excellent color and texture.
8.3 ENERGY AMD COST SAVINGS
Samples can be compared at zero, 50, 55, 65 percent 
sludge and fly ash concentrations, with respective burnt 
densities of 18.33, 17.75 and 17.16 kN/m^.
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Brick with zero percent sludge and fly ash showed a 
burnt density of 20 kN/m^. So this new brick with holes is a 
lightweight product up to 25% less weight than conventional 
bricks. This is significant for savings in transportation 
costs and beneficial for construction and performance of 
structures.
The strength developed in a given firing time is much 
higher than that for conventional clay bricks. Therefore, 
significantly less time will be required for drying and 
firing to get the same strength as conventional bricks.
Thus energy savings of up to 50% could be achieved 
during brick manufacture. This is significant because the 
energy costs account up to about 25% of total costs of brick 
production.
Considering all the costs, including transportation 
costs of materials, the new bricks can be manufactured at 
costs competitive with the cost of conventional bricks. The 
actual costs will, of course, depend on the location of the 
brick plant in relation to the source materials.
8.4 ENVIRONMENTAL BENEFIT
The project will enable reuse of two waste products, 
making them assets instead of liabilities without any new 
environmental costs. In fact, there is an additional 
environmental benefit in preserving the clay/shale resource 
and less damage by excavation and quarrying and reduction in 
the cost of land rehabilitation.
Only minor process modifications are required of the 
commercial brick manufacturer to use sludge and fly ash. It 
can be mixed with the dry clay in the storage bins or it 
could be directly introduced into the pugmill. 'Biofly1
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brick is a beneficial product with little potential for 
environmental damage. The use of sludge and fly ash in this 
way is an attractive means for disposal of materials 
generally considered to be 'unattractive waste products'.
8.5 HEALTH ISSUES AND SAFETY
Working with these waste materials to produce 'Biofly' 
bricks imposes no significant additional hazard to health and 
safety provided good hygiene practices are strictly followed. 
However, during studies with the pilot plant for full size 
bricks, further research concerning health and safety is 
considered very desirable.
The emissions during manufacture are not significantly 
different from those during firing of conventional bricks.
Sludge and fly ash incorporated into brick is an 
effective means to constructively manage this waste material. 
The brick manufacturing process potentially provides for a 
safe disposal of a hazardous sludge and fly ash. Since 
firing temperatures exceed the upper tolerance limits of all 
pathogenic bacteria, complete disinfection is achieved. 
Leaching of metals which may have been incorporated into the 
brick from the sludge and fly ash is minimized by the rigid 
clay/shale structure. Metals with vaporization points above 
the peak burning temperatures may remain solidified in the 
brick, while metals with vaporization points below the peak 
burning point may remain volatilized.
8.6 FUTURE RESEARCH
1. The plant and processes for manufacture of full scale 
bricks are envisaged to be similar to that for 
conventional bricks. It is envisaged that a pilot plant
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will need to be built to finalize the detailed process 
of manufacture of full size bricks in the laboratory and 
at commercial scale.
2. The present study involved the processing of sludge by 
oven drying, milling and oven firing of the final 
product in an electric oven. The pilot study should 
investigate the use of sludge without further 
processing. Moreover the firing of brick should take 
place in gas kilns instead of electric ones.
3. Further laboratory studies should be conducted to 
determine some of the consequences of mixing fly ash 
with different types of municipal sewage sludge. Three 
different municipal sludges will be used in this study. 
They are primary sludge, secondary activated sludge, and 
50/50 mixture of the primary and secondary. Samples 
then will be taken for fecal coliform analysis, 
elemental analysis and moisture content determination.
4. It is envisaged that special guidelines for the use of 
sewage sludge with brick should be prepared after this 
pilot study for which the medical authorities of the 
Water Board will be requested to make appropriate 
comments. However it is felt that basic sanitary and 
health precautions need to be observed by all workers in 
accordance with clearly established guidelines.
5. There is no research work done to date on air pollutants 
which may be emitted from existing brick plant kilns 
here in Australia. Further work needs to be conducted 
on this aspect after this pilot study.
6. Further detailed evaluation need to be conducted for 
leaching and volatilization of metals which are 
incorporated into 'Biofly' brick.
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APPENDIX I
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Description of Soil: 5 S + 50 FA. + 45 C/S
Blows/Layer: 25/3 N°. of Layers: 3 Wt. of Hammer: 24.5 N
Mold dimensions: Diam. 10.3 cm Ht. 12 cm Vol. 1000 cm3
Table 1.1 Compaction Test of Biofly Brick Materials Sample Y2
W ater C onte nt Determination
Sample n°. 1 -------------------------- T ~ T " 4
Moisture can n°. 2 32 17 2 2 11 14 2
Wt. of can + wet soil 101 S3 134 124 121 156 140 138
Wt. of can + dry soil <2 77 118 n o 105 134 117 116
Wt. of water 9 6 16 h r 16 22 2 22
Wt. of can 31 31 31 31 " 2 “ 31 3 31
Wt. of dry soil SB 43 81 2 73 100 81 S2
Water content cû % 15.5 13.9 19 18.4 21.9 22 27.3 26.8
Density Determination
Assumed water content 10% 15% 20% 25%
\A/aier conTent co % 14.7 737 ¿1.9 27
Wt. of soil + moia od34 c5Q0 6567 0516
Wt. or mold &01 4ÔÛ1 T8 0 T IS T I
Wt. or soil in mold, g. 1633 1<#9 1766 1773-------------------
Wer Density,kN/m3 TEST 16.66 '17.31 ' 1631
Dry Density y  kN/m3 13.95 j 14.03 1420 1323
CO
£
05co
*o
Q
Water content,w%
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Table 1.2 Weight Lost and Shrinkage Percentage of Biofly Brick Sample Y2
à r c k  N o . W e t
W e ig h t
M l
(g r a m s )
D ry
W e ig h t
M 2
(g r a m s )
B urnt
W e ig h t  M 3  
(g r a m s )
W e t
D im e n s io n s  D  
1 x L  i (m m )
D ry
D im e n s io n s  
D 2 X  l 2 ( m m )
B urnt
D im e n s io n s
£>3*k3
(m m )
D ry
S h r in k a g e
%
B urnt
S h r in k a g e
%
D ry
W e ig h t  
Lost %
B urnt 
W e ig h t  
Lost %
1 6 3.2 7 £ ¿ .1 9 56.1 25 x ¿0 2 S x  49 2 3.40  x 4 5.60 2 6.93 6.44 5 .2 2
2 60.11 5 6 .9 8 54.1 25 x 50 2 5  x 4 8 .6 0 23.50 x 4 5 2 .8 7.40 5 .2 0 5 .0 5
3 7 7 .5 2 72.41 6 8.9 25 x 50 25 x 4 9 2 2 7  x 4 4.30 2 9.59 6 .5 9 4 .84
4 5 9 .4 4 5 6 .1 9 53.4 25 x 50 2 5  x 4 8.80 2 2 7 0  x 4 4.40 2 .4 9.01 5 .4 6 4 .97
5 6 2 .9 0 5 9 .0 5 56.1 25 x 50 25  x 4 9.30 24 x 45.90 1.4 6.89 6 .1 2 4 .9 9
6 6 0 .2 2 5 5 .0 8 5 2.3 25 x 50 25  x 4 8.80 24 x 46 2 .4 5.73 8 .5 3 5 .04
7 6 1 .2 7 5 7 .1 0 5 4 .2 25 x 50 25  x 49 23 x 44.60 2 8.97 6 .8 0 5 .0 4
8 7 7 .1 0 7 2 .8 7 6 9 .4 25  x 50 25 x 4 9.20 24 x 47 1.6 4.47 5 .4 8 4 .7 6
9 6 0 .3 6 5 5 .9 3 5 3 .0 25  x 50 25 x 49 2 2.50  x 4 3.70 2 10.81 7 .33 5 .2 3
10 6 0 .3 7 5 6 .5 5 53.7 25  x 50 25 x 49 2 2.8 0  x 4 3.40 2 11.42 6 .3 2 5 .03
M e a n 2 .0 6 8 .0 8 6 .3 9 4 .9 7
Table 1.3 Compressive Strength of Biofly Brick Sample Y2
Specimen
Number
Max Load 
Applied 
KN
Length L 
(mm )
Breaam D 
(mm)
Weight
(grams)
C  MPa
1 234 £950 23 44.8 5634
2 53.8 5830 2230 45.8 137.81
3 504 57.80 2250 465 12632
4 38.1 60.70 2350 45.9 8738
5 60 5630 2260 454 149.64
Ó 522 5930 2270 462 12904
7 44 5830 23 435 105.95
8 58 5750 2260 472 14455
9 60 58 2290 494 145.75
10 43 57.80 23.70 435 9752
Table L4 Water Absorption Properties and Saturation Coefficient of Biofly Brick Sample Y2
Back No. Dry Mass (M p  
(grams)
Saturated Mass 
After 24 hrs 
immersion (M 2 ) 
(grams)
Saturated 
Mass After 5hrs 
Boiling (M3)
(grams)
Cold Water 
Absorption test 
for each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
ASTM C67 (SC.)
1 56.1 625 63.7 1158 1354 0.85
2 541 565 570 452 536 0.86
3 68.9 813 83.1 18.72 2050 0.90
4 53.4 594 612 1123 1450 0.76
5 56.1 585 593 427 5.70 0.74
6 523 563 575 754 9.94 0.76
7 54.2 563 575 4.79 608 0.78
8 694 835 862 2031 2420 0.83
9 53.0 545 54.7 301 320 0.94
10 53.7 620 63.7 1545 1852 0.82
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Table 1.5 Compaction Test of Biofly Brick Materials Sample Y3
Description of Soil:
3!ows/Layer: 25/3
Mold dimensions:
5 S + 55 FA + 40 C/S
N°. of Layers: 3 Wf. of Hammer: 24.5 N
Diam. 10.3 cm Ht. 12 cm Voi. 1000 cm3
Water Content Determination
Sample n°. i .... .2------ 3 4
Moisture can nJ. 2 / ol 21--- 9 iO 23 i 24
Wt. of can + wet soil i68 83 87 104 ÌC6 124 121 112Wt. of can + ary soii ,64 78 79 93 Ç4 1C8 102 95Wt. of water i 4 5 8 11 12 16 19 1 17Wt. of can 33 36 33 33 34 31 32 i 32Wt. of dry soil ■31 42 45 rw~ 60 77 713 63WaTer coment co % i12.9 12.1 17.3 18.3 23 20.7 27.1 1 26.9
Density Determination
Assumed waier coment " " M Cr ki% ¿5% i
Water conrent co% ¡25 i/.8 “ 215-------- T 7 ----------1
Wt. of soil + mold o4/4 6558
Wt. or moia '4801" "2501 "4501 4801
Wt. of soil in moia. g. 1452 16/4 1/5/ 1698
Wet Density, xN/m3 14.23 ""i6.4Ù I/.23 ¡6o5
Dry Density y. xN/m 3 , 17M ¡3.92 “ ¡4.33 i3.il
15
CO
£
z  14*
i  13
<n 
c
a> 12
- o
>* il 
Q
10 12 14 16 18 20  22  24  26 28  30
10
Water content,w%
- 1  5 8 -
Table 1.6 Weight Lost and Shrinkage Percentage of Biofly Brick Sample Y3
B nck N o . W e t
W e ig h t
M l
(g r a m s )
D ry
W e ig h t
M 2
(g r a m s )
B urn t
W e ig h t  M 3  
(g r a m s )
W e t
D im e n s io n s  
O'] x L  i (m m )
D ry
D im e n s io n s  
D 2  x l 2  (m m )
B urn t
D im e n s io n s
D3 XL3
(m m )
D ry
S h r in k a g e
%
B u m f
S h r in k a g e
%
D ry
W e ig h t  
Lost %
B urn t  
W e ig h t  
Lost %
1 7 9 .5 9 7 4.3 0 70.9 25 x 50 25 x 49 24  x 46 2 6 . 1 2 6 .6 4 4 .5 7
2 6 7 .3 5 6 2 .7 5 5 9 .6 25 x 50 2 5  x 4 9 5 0 2 4  x 44.80 1 9 4 9 6 .8 2 5.01
3 5 9 .9 8 5 6 .8 5 54.1 25  x 5 0 2 5  x 4 8 5 0 24 x 45.80 2 . 8 5.76 5.21 4 .8 3
4 5 7 .0 9 5 3 .9 8 5 1 .4 25  x  50 25  x 4 9 2 0 2 3 .9 0  x 4 4 .6 0 1 . 6 9 5 4 5 .4 4 4 .7 7
5 6 4 .6 8 5 9 .5 0 5 6 .6 25  x  5 0 2 5 x 4 9 23 x 4 3 2 12.24 8 4 .8 7
6 7 9 .4 3 7 2 .6 0 6 9 .2 25  x 50 2 5  x 49 24 x 46 2 6 . 1 2 8 .5 9 4 .6 8
7 6 7 .3 9 6 2 .6 0 5 9 .6 25  x 5 0 25 x 49 24  X 4 4 2 0 2 9.79 7 .1 0 4 .7 9
8 6 0 .0 7 5 6 .2 5 5 3 .6 2 5  x 5 0 2 5  x 4 9 2 3 .2 0  x 4 5 .3 0 2 7 5 5 6 .3 5 4.71
9 6 2 .7 3 5 7 .3 8 5 4 .6 2 5  x 5 0 2 5  x 4 9 2 2.6 0  x 4 2 .7 0 2 12.85 8 .5 2 4 .8 4
1 0 6 4 .8 9 5 8 .6 9 5 5 .8 25 x 50 25 x 4 9 5 0 23 x 43.60 1.4 11.58 9 .5 5 4 .9 2
M e a n 1 . 8 8 9 .0 3 7 .1 9 4 .7 5
Table 1.7 Compressive Strength of Biofly Brick Sample Y3
Specimen
Number
Max. Load 
Applied 
KN
length L 
(mm )
Breaatn D 
(mm )
Weight 
(grdms) ■
C MPa
1 134 6030 2290 472 3255
2 35 5830 2240 44.7 9139
3 414 5930 2240 47.1 103.75
4 35.1 56 2240 463 8734
5 58 5840 2240 454 147.25
6 421 5930 23 47.1 101.38
7 226 5940 2330 484 5213
8 48.1 60 2330 472 123.21
9 322 61 2340 49.9 7344
10 421 61 22 480 110.80
Table 1.8 Water Absorption Properties and Saturation Coefficient of Biofly Brick Sample Y3
Brick No. Dry Mass (M p  
(grams)
Saturated Mass 
After 24 hrs 
Immersion (M2 ) 
(grams)
Saturai ea 
Mass After 5hrs 
BoiSng (M3)
(grams)
Cold Water 
Absorption test 
for each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
A STM C67 (SC.)
1 70.9 874 874 2327 2335 0.98
2 594 664 68.1 1140 1426 0.79
3 54.1 630 643 1645 18.85 0.87
4 514 57.7 593 1225 15.75 0.77
5 564 583 58.9 300 405 0.73
6 ¿92 822 823 18.78 18.93 0.99
7 594 63.1 643 587 822 0.71
8 534 573 58.7 6.90 ' 931 0.72
9 544 565 574 347 5.12 0.67
10 353 57.7 57.8 340 338 0.94
Table 1.9 Compaction Test of Blofly Brick Materials Samle Y4
Description of Soil:
Blows/layer: 25/3
Mold dimensions:
5S + 60 FA + 35C/S
N°. of Layers: 3 Wt. of Hammer: 24.5 N
Diam. 10.3 cm Ht. 12 cm Voi. 1000 cm3
Water Content Determination
"ampie n°. i ------ 2------ ------3------ . 4
Moisnjre can n°. ^ 2 ---- 9^ 24 21--- 31 fs---- ¡0 7
Wt. or can + wer soil 111 73 112 100 127 96 171 150Wt. of can + ary soil 100 68 100 39 n o 87 139 123Wt. of water 11 5 12 11 17 11 32 27Wt. of can 31 34 32 33 33 32 31Wt. of dry soil & 134 ÓQ 55 ' 77 55 106 87Water content <u % 15.9 14.7 Ì7.Ó 19.6 ~ n r~ 23 29.6 31 :
Density Determination
Assumea water comenr IU% — m ------------- 25 %
Water content ajm% 153 i85 2T---------------- “ in --------------
Wt. ot soil + mold ¿253.. 0538 ........ o537--------------- 04/0
Wt. of mold 1301---------------- 1301--------------- 4301 ism ---------------
wt. of soil in moia, g. T4ó2 1707--------------- 1735 1 1373
wer Density. xN/m3 ' 14.33 10.74 I/U2 '1 O T-------------
Dry Density y. <N/m 3 "1742 74TT I4U6 iZûü
CO
£
COco
-a
1—
Q
Water content,w%
- 1 6 0 -
Table 1.10 Weight lost and Shrinkage Percentage of Biofly Brick Sample Y4
Brick N o . W e t
W e ig h t
M l
(g r a m s )
D ry
W e ig h t
M 2
(g r a m s )
B c m t
W e ig h t  M 3  
(g r a m s )
W e t
D im e n s io n s  
D  ] x L  i  (m m )
D ry
D im e n s io n s
D 2 X l 2 (m m )
B urnt
D im e n s io n s
D 3 X L 3
(¡m m )
D ry
S h rin k a g e
%
B urnt
S h r in k a g e
%
D ry
W e ig h t  
Last %
B urnt  
W e ig h t  
Lost X
1 6 5 .0 8 6 2 .1 0 5 9 .2 25 x 50 25 x 4 9 4 0 24 x 4 6 1 . 2 6 8 8 4 .5 7 4 .6 6
2 6 7 .9 5 6 4 .5 9 6 1 .6 25 x 5 0 25 x 49 24 x 44.60 2 8.97 4 .9 4 4 .6 2
3 6 0 .9 2 5 8 .2 4 5 5 .5 25 x 5 0 25 x 4 9 3 0 24 x 4 S 3 0 1.4 8 . 1 1 4 .3 9 4 .7 0
4 6 1 .7 6 56.31 5 3 .7 25 x 5 0 25 x 49 23.40 x 4 2 2 14.28 8 .8 2 4 .6 3
5 6 0 .7 8 5 4 .8 4 5 2 .2 25 x 50 2 5  x 4 8 8 24 x 4 6 2 .4 5 .73 9 .7 7 4.81
6 6 4 .9 7 5 9 .5 0 5 6 .9 2 5  x  5 0 25 x 49 24 x 46 2 6 . 1 2 8.41 4 .3 6
7 5 9 .4 4 5 5 .8 8 5 3 .3 25 x 5 0 2 5  x  4 9 5 0 23 x 44 1 1 1 . 1 1 5 .9 8 4.61
8 5 8 .9 4 5 5 .6 8 5 3 .0 25 x 5 0 25 x 49 24 x 4 4 6 0 2 8.97 5 .5 3 4.81
9 5 8 .9 7 5 5 .3 5 5 2 .7 25 x  5 0 2 5  x 4 9 3 0 2 2 8 0  x 4 3 .6 0 1.4 11.56 6 .1 3 4 .7 8
1 0 5 9 .3 7 5 6 .4 7 5 3 .8 25 x 50 25  x 4 9 3 0 23 x 43 1.4 12.77 4 .8 8 4 .7 2
M e a n 1 . 6 8 9 .4 6 .2 9 4 .6
Table 1.11 Compressive Strength of Bioffy Brick Sample Y4
Specimen
Number
Max. Load 
Applied 
KN
Length L 
(mm )
Breadth D 
(mm )
Weight
(grams)
C  MPa
1 44 58.80 24 486 9731
2 332 62 2250 48.1 8354
3 36 62 22 50.8 94.75
4 26 5830 2330 452 65.70
5 56 57 2230 453 143.45
6 34 6060 2240 462 8632
7 5l ' 6150 23 49.8 12281
8 33 61 22 470 86.85
9 454 6230 22 464 119.49
K) 294 58 23 45.8 70.79
Table 1.12 Water Absorption Properties and Saturation Coefficient of Biofly Brick Sample Y4
Brick No. Dry Mass (M p  
(grams)
Saturated Mass 
After 24 hrs 
Immersion (M 2 ) 
(grams)
Saturatea 
Mass After 5 hrs 
Boling (M3)
(grams)
Cola Water 
Absorption test 
for each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
ASTM C67 (SC.)
1 592 693 715 1706 2177 032
2 616 65.9 676 6.98 9.74 0.71
3 555 627 643 1297 15.85 0.81
4 53.7 564 56.7 505 558 0.90
5 522 61.3 61.8 17.43 18.39 0.94
6 56.9 &A 71.8 2267 26.18 0.86
7 ¿3 i 552 55.9 356 4.87 0.73
8 530 59.9 612 1301 15.47 0.84
9 527 54.6 55.1 360 455 0.79
10 53.8 55.1 552 241 2.60 0.92
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Table 1.13 Compaction Tost of Biofly Brick Materials Sample V I 40
Description of Soil:
Blows/Layer: 25/3
Mold dimensions:
10 S + 40 FA + 50 C/SN°. of Layers: 3 Wt. of Hammer: 24,5 N
Diam. 10.3 cm Ht. 12 cm Voi. 1000 cm3
Water Content Determination
Sampîen5̂ i ------ 5------ — T" 4  |
Moisture carTn5"™ / V il 13 32 48 | 30
Wt. of can + wet soli 80 117 105 109 % 76 107 1 120Wt. of can + dry soil i75 108 95 98 85 68 91 97Wt. of water 5 9 10 11 11 8 16 I 23Wt. of can 35 38 3a 37 35 32 34 1 33Wt. of dry soil !39 70 Ó1 61 50 35 57 o 4Water content <u % i 12.8 129 ió.4 18 22 22.2 28.1 1 35.9 i
Density Determination
Assumed water comem - im ,------------- 15% ¿0% ¿5% j
Water content co % 129 “ 172--------------- 221 32
Wt. of soil + moia 840b SB27 --------------- 8504
Wt. of moid 6//ò Ó/76 o77ó 0/7Ó
Wt. or soil in moia. g. IÓ29 i/51 “1ST? i/28
Wet Density, kN/m3 ió 172 ,/./ 1/
Dry Densrry y. kN/m 3 ” 137“ Ì4.7 j i45 12.9
co
£
z
Cftca)
T3
Q
Water content,w%
(g@s£j|>©@fëâ®si ^@3 W2L 41©
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Table 1.14 Weight Lost and Shrinkage Percentage of Bioffy Brick SampleV140
Book N o . W e t
W e ig h t
M l
(g r a m s )
D ry
W e ig h t
M 2
(g r a m s )
B u rn t
W e ig h t  M (  
(g r a m s )
W e t
D im e n s io n s  D  
1 x L i  (m m )
D ry
D im e n s io n s
° 2 x L 2
(m m )
B < m t
D im e n s io n s
P 3 * L3
(m m ) -i
D ry
S h rin k a g e
%
B urnt
S h rin k a g e
%
D ry
W e ig h t
L o s t
%
B u m f
W e ig h t
L o st
%
1 6 5 .6 6 5 6 .1 7 5 2 .3 2 5 x 5 0 25 x 48.60 2 2.80  x 45 2 . 8 7.40 14.45 6 . 8 8
2 6 6 . 6 8 5 6 .7 0 5 2 .8 2 5 x 5 0 25 x 4 8.60 2 0.30  x 40.50 2 . 8 7 .4 0 14.83 6 .87
3 7 2 .6 5 6 2 .4 0 5 8 .2 2 5 x 5 0 25 x 4 8 .6 0 2 3 x 4 5 2 . 8 7 .4 0 1 4.1 0 6 .7 3
4 6 5 .8 3 5 6 .2 8 5 2 .4 2 5 x 5 0 2 5  x 4 8.60 2 3.40  x 4 5.50 2 . 8 6 .3 7 1 4.50 6 .8 9
5 6 5 .4 7 5 6 .0 8 5 1 .0 2 5 x 5 0 25 x 4 8 .6 0 2 3 x 4 0 .3 0 2 . 8 11.52 14.34 9 .0 5
6 6 9 .1 6 5 8 .9 4 5 4 .9 2 5 x 5 0 25 x 4 8.60 2 3 .4 0  x 4 6 2 . 8 5 .3 4 1 4.77 6 .8 5
7 6 4 .8 0 5 5 .8 5 52.1 2 5 x 5 0 25 x 4 8.60 2 2 .8 0  x 4 4 .7 0 2 . 8 8 . 0 2 13.81 6.71
8 6 9 .3 9 5 9 .1 6 5 5 .2 2 5 x 5 0 2 5  x 4 8 .6 0 2 3.5 0  x 4 4 .5 0 2 . 8 8 .4 3 14.74 6 .6 9
9 6 5 .6 9 5 5 .1 9 5 1 .5 2 5 x 5 0 2 5  x 4 8.60 2 3.4 0  x 4 4 .6 0 2 . 8 8 .2 3 1 5.98 6 . 6 8
1 0 6 7 .3 3 5 7 .0 4 53.1 2 5 x 5 0 25 x 4 8 .6 0 23 x 4 5 .8 0 2 . 8 5 .7 6 1 5.28 6 .9 0
M e a n 2 .Ô ? . ¿ 6 14.64 6.97
Table 1.15 Com pressive Strength of Biofly Brick Sample V140
Specimen
Number
Max. Load 
Applied 
KN
Length L 
(m m )
Breadth D 
(m m )
Weight
(grams)
C  MPa
1 34 0050 2300 475 8187
2 37 5700 2300 46.7 890?
3 385 6400 2300 526 "9271
4 64 6060 2300 49.9 154.11
5 54 6100 2300 482 130.03
6 6200 2300 50 2 11488
7 505 6300 2300 50.9 121.60
8 38 6850 2300 560 9150
9 321 6250 2300 49.9 #30
10 25 6400 2300 50.9 6261
Table 1.16 Water Absorption Properties and Saturation Coefficient of Biofly Brick Sample V I 40
Brick No. Dry Mass (M p  
(grams)
Saturated Mass 
After 24 his 
Immersion (M 2) 
(grams)
Saturated 
Mass After 5hrs 
Boiling (M3 )
(grams)
Cold Water 
Absorption test 
for each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
ASTM C67 (SC.)
1 523 56.7 588 8.41 1242 0.67
2 52.8 590 61.1 1174 15.71 0.74
3 582 638 65.9 9.62 1323 0.72
4 524 59.1 605 1278 1545 0.82
5 510 58.1 600 13.92 1764 0.78
6 54.9 621 64.1 13.11 16.75 0.78
7 52.1 570 58.7 9.40 1266 0.74
8 552 60.8 63 10.14 14.13 0.71
9 TVS 56.7 586 1009 1578 0.73
10 53.1 595 616 1205 1600 0.75
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Table 1.17 Compaction Test of Bicfly Materials Sample V I45
Description of Soil:
Blows/Layer: 25/3
Mold dimensions:
10 S + 45F.A. + 45C/S
N°. of Layers: 3 Wt. of Hammer: 24.5 N
Diam. 10.3 cm Ht. 12 cm Voi. 1000 cm3
Water Content Determination
Sample n T 1 -----------3----------- "73-------- 1 4
Moisture can n°. _ ------ j 4 To 7 2 ------- 3b j 53 - p r - 4D
Wt. of can + wer soil 91 “ I 71 77 86 153 165 1 192 172
Wt. of can + drv soil 8A ! 66 HüT” 78 139 149 1 166 149Wt. of water 7 I 5 7 8 14 1 16 27 23Wt. of can 34 1 31 31 35 71 1 73 j 60 68
Wt. of dry soil , 50 32 36 43 ■ 68 1 70 96 r s TWater content œ % i 14 1 15.7 19.4 18.Ó 20.6 1 21.1 1 28.1 28.4
Density Determination
Assumea waTer content 10% ib % 2U% 25 %
Water content co % ib ,9 21 28.15
wt. of soil + mola “S3ST“ [ T O -----------------|8543----------------- -----------------
ooE6 ¿776 o77ó----------------- 0//Ô Ó//Ó
o CO O 5 3 o p <p 1582 IAJU i/6/ T Ü ? -----------------
Wet Density. kN/m3 ¡03) i6.7 — r n --------------- “ 7 5 3 ----------------
Ury Density y, kN/m 3 , ¡33) ,4 j ¡4.3 13.1
CO
£
*
c
o■D
a
Water content,w%
-1  6 4 -
Table 1.18 Weight Lost and Shrinkage Percentage of Biofly Brick Sample V I45
B nck  N o . W e t
W e ig h t
M l
(g r a m s )
D ry
W e ig h t
M 2
(g r a m s )
B u rn t
W e ig h t  M 3  
(g r a m s )
W e t
D im e n s io n s  
□ i  x 1 1  (mnrO
D ry
D im e n s io n s
D 2 x L 2 (nnm )
B urnt
D im e n s io n s  
O 3 X L3  (m m )
D ry
S h r in k a g e
%
B urn t
S h r in k a g e
%
D ry
W e ig h t  
Lost %
B urnt  
W e ig h t  
Lost %
1 6 0 .4 2 ¿ 5 .7 8 5 3 .6 25 x 5 0 25 x 4 9 .6 0 23  x 46.60 b.h 6 .<U 7.67 3 .9 0
2 6 1 .3 3 55.91 52.1 2 5 x 5 0 2 5 x 4 9 .8 0 24  x 47.50 0 .4 4 .61 8 / 3 6.81
3 6 9 .6 3 6 3 .4 0 5 9 .3 2 5 x 5 0 25 x 4 9 .6 0 24 x 47.30 0 . 8 4 .6 3 8.94 6 .4 6
4 6 3 .4 9 5 7 .5 8 52.1 2 5 x 5 0 25 x  49.60 24 x 46.40 0 . 8 6 .4 5 9 3 0 9.51
5 6 2 .4 6 5 6 .7 3 5 5 2 2 5 x 5 0 25 x  4 9 .7 0 23 x 4 7 0 . 6 5 .4 3 9.17 2 .6 9
6 6 0 .5 2 5 5 .0 5 5 1 .3 2 5 x 5 0 2 5 x 4 9 / 4 0 23/40 x 4 7 .6 0 1 . 2 3 .6 4 9 0 3 6.81
7 6 7 .6 4 6 1 .3 9 5 7 .4 2 5 x 5 0 2 5 x 4 9 / 0 23 x48 0 . 8 3 .2 2 9 2 4 6 .4 9
8 7 2 .2 2 6 4 .6 9 6 0 .5 2 5 x 5 0 2 5 x 4 9 / 0 2 3 .8 0  x  4 6 .6 0 0 . 8 6 .0 4 1 0.4 2 6 .4 7
9 6 2.2 1 5 5 .5 9 5 1 .8 2 5 x 5 0 2 5  x 4 9.70 2 3 / 0  x 4 6 .7 0 0 . 6 6 .0 3 1 0.64 6.81
1 0 6 1 .4 2 5 5 .9 2 5 2 .0 2 5 x 5 0 2 5  x 4 9 / 0 2 3  x 4 7 / 0 0 .4 4 .61 8.95 7.01
M e a n 0 .7 2 5 .0 4 9 .1 8 6 .2 6
Table L19 Compressive Strength of Biofly Brick Sample V I45
Specimen
Number
Max. Load 
Applied 
KN
Lengtn L 
(m m )
Breadth D 
(mm )
Weight
(grams)
C  MPa
1 24/ 59.80 24 45.1 54.18
2 23.7 5900 24 443 5241
3 32 57/0 24 440 70.77
4 32 6000 24 4/1 70.77
5 32/ 5700 2240 440 82/1
6 243 58/0 2430 432 5242
7 32 5700 24 41/ 70.77
8 34/ 64.70 23 4/9 8307
9 32/ 58/0 24.70 432 67.86
10 32 55.70 24 41/ 70.77
Table 1-20 Water Absorption Properties and Saturation Coefficient of Biofty Brick Sample V I45
Brick No. Dry Mass (M p  
(grams)
Saturated Mass 
After 24 hrs 
Immersion (M2) 
(grams)
Saturated 
Mass After 5hrs 
Boiling (M3)
(grams)
Cold Wafer 
Absorption test 
for each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
ASTM C67 (SC.)
1 53/ 584 60/ Z9 1237 0.6 ?
2 521 61.1 62/ 1727 20.15 0.85
3 593 600 602 1.18 1 / 1 0.78
4 52.1 61.9 632 1830 "2l30 0.88
5 552 57.1 582 344 543 0.63
6 513 57.9 59.8 1236 16/6 0.77
7 574 610 629 627 9/8 0.65
8 604 673 68.7 1123 13/5 0.82
9 51.8 if?.} 714 3339 37.83 0.88
10 520 633 65/ 21.73 26.15 0.83
- 1 6 5 -
Table 1.21 Compaction Test of Biofly Brick Materials Sample V I50
Description of Soil: 
Blows/Layer: 25/3
10 S + 50 FA  + 40C/S 
N°. of Layers: 3 Wt. of Hammer: 24.5 N
Mold dimensions: Diam. 10.3 cm Ht. 12 cm Voi. 1000 cm'
Water Content Determination
Sample n°. i -----------5----------- ™ T “ 4
Moisnjre can n°. -------- t4 n s -------- 17 " 3 ------ 1 7 ------- 1 ------- 31
Wt. of can + wei soil 93 F4 81 87 107 118 104 n o
Wt. of can + ary soil 87 88 75 80 F4 103 89 <*4
Wt. of water 0 Ó 6 7 13 1 5 “ 15 16
Wt. of can i 32 33 38 34 34 33 35 35
Wt. of ary soil 55 55 37 45 . 60 70 34 59
Water content co % 10.9 10.9 16.2 15.2 21.7 21.4 27.8 27.1
Density Determination
Assumed water content U T S ------------- — m --------- --- 25 %
Water content ,0.9 [57 " 21.6 2/.5
wt. of soil + mold 8361 “5575--------------- 8565 8521
wt. of mold Ó//Ó 67/6 6775" 6/76
Wt. of soil in mold, g. Ì585 ~17U2--------------- 173?--------------- i/45
wet Density, kN/m3 lOO 16.7 17.5 17.1
Dry Density y, kN/m 3 ,4 ¡44 134
CO
£
*
<4-*
cn
ca>
>4
X.
Q
Water content,w%
Spàrsa© 2 0(§ “¿¿“©sfe S’tss Seaypak©© Wig©
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Table 1.22 Weight Lost and Shrinkage Percentage of Biofiy Brick Sample V I50
Brick
No.
W et
Weight
Ml
(grams)
Dry
Weight
M2
(grams)
Burnt
Weight
M3
(grams)
Wet
Dimensions 
D 1 x L i 
(mm)
Or/
Dimensions
D2 XL2
(mm)
Burnt
Dimensions 
D3 X L3 (mm)
Dry
Shrinkage
%
Burnt
Shrinkage
%
Dry
Weight 
Lost %
Burnt
Weight
Lost
%
1 70.27 6166 534 25 x50 25 x 4940 21.7QX 42.60 12 13.76 1225 1339
2 62.74 54.14 50.7 25 x50 25 x 4940 22 x 43 1 2 1295 13.70 635
3 6537 5660 532 25 x50 25 x 4940 22.60 X4330 1 2 1133 1437 6
4 73.92 6357 595 25 x50 25 x 49 23.70 x45 2 8.16 14 640
5 7271 6265 586 25 x50 25 x 49 24 X4430 2 959 1333 646
6 6634 56.73 529 25 x50 25 x 49 24.20 X4630 2 551 1448 6.75
7 64.16 53.94 504 25 X50 25 x 49 22.70 X 44 2 1020 15.73 656
8 65.97 5567 51.9 25 x50 25 x 4940 2260 x 44 1 2 10.93 1561 6.77
9 63.87 53.83 503 25 x50 25 x 4940 2350 x 45 1 2 8.90 15.71 655
10 6705 5620 527 25 x 50 25 x 49 23 x 44 2 1020 16.81 622
Mean 16 10.12 1452 7.1
Table 1.23 Compressive Strength of Biofiy Brick Sample V I50
Specimen
Number
Max. Loaa 
Applied 
KN
Length L 
(mm)
Breaath D 
(mm)
Weight
(grams)
C MPa
1 26.8 5700 23 412 6453
2 226 5900 22 431 5948
3 36 6100 22 473 94.75
4 516 65.70 22 48.9 135.81
5 304 6240 22.40 48.8 77.18
6 532 5700 22 462 140.02
7 25 6200 23 468 6020
8 46 6200 22 45.8 121.07
9 33 5230 22 423 86.85
10 228 6420 22 47.7 6000
Table 1.24 Water Absorption Properties and Saturation Coefficient of Biofiy Brick Sample V I50
Brick No. Dry Mass (M p  
(grams)
Saturatea Mass 
After 24 hrs 
Immersion (M2) 
(grams)
Saturatea 
Mass After 5hrs 
Boiling (M3)
(grams)
Cola Water 
Absorption test 
for each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
ASTM C67 (SC.)
1 534 614 641 14.98 2003 0.74
2 50.7 535 552 552 8.87 0.62
3 532 563 57.8 532 864 0.67
4 595 665 67.9 1008 14.11 0.71
5 586 64.9 673 10.75 14.84 0.72
6 52.9 616 63.9 1644 20.79 0.79
7 504 541 562 734 1155 0.63
8 51.9 550 56.8 5.97 944 0.63
9 503 55.8 57.4 10.93 1411 0.77
10 52.7 570 58.8 8.15 1157 0.70
Table 1.25 Compaction Test of Biofly Brick Materials Sample V I55
Description of Soil:
Blows/Layer: 25/3
Mold dimensions:
10 S + 55 FA  + 35C/S
N3. of Layers: 3 Wt. of Hammer: 24.5 N
Diam. 10.3 cm Ht. 12 cm Voi. 1000 cm3
Water Content Determination
Sample n°. i mmT m T “ j c
Moisrure can n°. ------- ------ 35 V mmn — j 42 j 4 44
Wt. of can + wet soil 143 145 152 145 125 167 j 173 179
Wt. of can + ary soil ! 134 138 140 133 116 1 150 j 147 155
Wt. of wafer j 9 7 12 12 10 1 17 1 25 24Wt. of can Ó1 71 71 71 71 09 53 71Wt. of ary soil j 73 67 dp 52. 45 1 81 1 94 31
Water content co % j 12.3 10.5 17.4 19.4 22.2 1 21 1 27.7 28.6
Density Determination
Assumea water comenT — m -------------- cr 25 %
Water content co % 114 --- 184---------------- 7T5---------------- “ 733----------------
wt. of soiT+ mold T££5 "5353----------------- “B355 3434
wt. of mold 6776 "5775 '¿77Ò 1 "5775-----------------
Wt. or soil in mold. g. ~W 7~~ ¡57/ T / TE ----------------- 1703-----------------
Wet Density. kN/m3 145 ibi) “ 155--------------- ió.8
Dry Density y, KN/m 3 13 T3TT ¡3,8 — fin----------------
CO
£
Zv
'(/)c<D*o
>*
v .T3
Water content,w%
-1 6 8 -
Table 1.26 Weight Lost and Shrinkage Percentage of Biofly Brick Sample V I55
Bnctc N o . W e t
W e ig h t
M l ,
(g r a m s )
D ry
W e ig h t
M 2
(g r a m s )
B a m r
W e ig h t  M 3  
(g r a m s )
W e t
D im e n s io n s  
D  i x L  ] (m m )
D ry
D im e n s io n s
D 2 X L 2
(m m )
B urnt
D im e n s io n s  
[> 3 x 1 .3  (m m )
D ry
S h r in k a g e
%
8 u m t
S h r in k a g e
%
D ry
W e ig h t  
Last %
B u m f  
W e ig h t  
Lost %
1 5 6 .8 0 5 5 .1 2 5 1 .6 25 x 50 25 x 49.80 2 1 x 46 0 .4 9 .6 2 .9 5 6 .3 8
2 6 1 .0 2 5 8 .4 6 5 4.7 25 x 50 25 x 4 9 4 0 24 x 4 7 4 0 1 . 2 4 .0 4 4 .1 9 6 .4 3
3 5 8 .5 8 5 6 .5 4 5 3 .0 25 x 50 25 x 4 9.60 24 X  4 7 4 0 0 . 8 4 .4 3 3 .4 8 6 .2 6
4 5 5 .3 9 5 3 .3 8 5 0 .0 25 x 50 25  x 4 9 6 0 24 x 47.70 0 . 8 3 .8 3 3 .6 2 6 .3 3
5 6 8 .7 3 6 6 .0 4 6 1 .6 25 x 50 25 x 4 9 6 0 2 1 x  4 5 X 0 . 8 8 2 6 3.91 6 .7 2
6 5 4 .0 3 52.24 4 8 .9 25 x 50 25 x 4 9 6 0 2 1 .6 0 x 4 6 0 . 8 7 .2 5 3.31 6 .3 9
7 57.72 5 5 .6 8 5 2 .0 25  x 50 25 x 49.60 2 1 x 46 0 . 8 7 .2 5 3 .5 3 6 .6 0
8 5 5 .4 3 5 3 .3 4 4 9 .9 25 x 50 25 x 49.80 2 1 .7 0  x 4 5 . X 0 .4 9 .0 3 3 .7 7 6 .4 4
9 5 8 .8 7 5 5 .3 8 5 1.7 25 x 50 25  x 49.70 2 1 x 4 6 X 0 . 6 6 .4 3 5 .9 2 6 .6 4
1 0 5 7 .3 5 5 4 .2 6 5 0 .8 25 x 50 25  x 49.60 2 2 x 45.80 0 . 8 7 .6 6 5 .3 8 6 .3 7
M e a n 0 .7 4 6 .7 4 3 .9 6 6.41
Table 1.27 Compressive Strength of Biofly Brick Sample V I55
Specimen
Number
Max. Load 
Applied 
KN
lengm L 
(mm)
Breadth D 
(mm)
Weight
(grams)
C  MPa
1 43 55.70 2260 425 99.76
2 32 58.70 21.70 453 8636
3 48.8 6130 22 473 128.44
4 36.8 5660 2230 42? 95.12
5 18.8 5660 22.60 421 45.88
6 51.8 5330 2233 413 133.89
7 494 57 22.40 43.7 125.41
8 47.1 58 22 450 123.%
9 60 5660 22 43.7 157.91
10 60 58 22 45.9 157.91
Table 1.28 Water Absorption Properties and Saturation Coefficient of Biofly Brick Sample V I55
6rick No. Dry Mass (M p  
(grams)
Saturated Mass 
After 24 hrs 
Immersion (M2) 
(grams)
Saturated 
Mass After 5hrs 
Boling (M3)
(grams)
Cold Water 
Absorption test 
for each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
ASTM C67 (SC.)
1 516 564 578 930 1201 0.77
2 54.7 66.9 66.1 2047 2034 0.98
3 530 553 572 4.71 7.92 0.59
4 500 603 623 2060 2460 0.83
5 616 66.7 673 827 935 0.89
6 48.9 56.8 583 16.15 19.63 0.82
7 520 57.8 580 11.15 1133 0.96
8 49.9 633 63.8 2735 27.85 0.97
9 51.7 576 59.2 1141 1450 0.78
10 50.8 58.9 610 15.94 2007 0.79
Table 1.29 Compaction Test of Biofly Materials Sample N15
Description of Soil:
Blows/Layer: 25/3
Mold dimensions:
15 S + 35 FA + 50C/S N°. of Layers: 3 
Diam. 10.3 cm
Wt. of Hammer: 24.5 N
Ht. 12 cm Voi. 1000 cm^
Water Content Determination
Sample n°. i ------ 2------ 5 1 4Moisture can ns. u7---- S3 5Ò 44--- 1 * * j 41 42Wt. ot can + wet soil 142 140 128 134 160 I 149 203 206Wt. of can + ary soil 134 132 120 125 145 132 174 176Wt. of wafer 8 8 8 9 ¡5 I 17 ! 2? 30Wt. of can i 71 ol 71 71 71 1 53 rTT" d?Wt. of ary soil i o3 71 49 54 74 79 103 107Water content <u % 127 11.3 1Ó.3 16.7 20.3 i 21.5 1 28.2 28 "
Density Determination
Assumed waTer content ¡0% " i s r ---------------— m -------------- " 1 S T ---------------
WaTer coment 12 IÓO T S 2Ü.I
Wt. of soil + moia ¿389 ----------------- 85/0 "3535-----------------
o 3 o Q Ó//Ó Ó776 Ó//Ó Ó/7Ó
wt. of soil in mold. g. là 13 1 7 3 Î7W 1733-----------------
Wer Density. kNI/m3 15.8 ìó.9 — 173--------------- “1 7  '
Dry Density y, kN/m 3 I S - 14.3 — 13---------------- Ì
Water content,w%
-1  7 0 -
Table 1.30 Weight Lost and Shrinkage Percentage of Biofly Brick Sample N15
B ock N o . W e t
W e ig h t
M l
(g r a m s )
D ry
W e ig h t
M 2
(g r a m s )
B urnt
W e ig h t
M 3
(g r a m s )
W e t
D im e n s io n s  
0 |  x L ] (m m )
D ry
D im e n s io n s
D 2 x l 2 (m m )
B urn t
D im e n s io n s
° 3 x L 3
(m m )
D ry
S h r in k a g e
X
B urnt
S h r in k a g e
X
D ry
W e ig h t  
Lost X
Burnt 
W e ig h t  
Lost X
1 5 9 .1 3 5 5 .4 5 5 0 .8 2 5 x 5 0 2 5  x 4 8 5 0 2 3.60  x 4 6 2 .4 5 .7 3 6 2 2 8.38
2 6 5 .5 7 6 1.17 5 6 .0 2 5 x 5 0 2 5  x 48.20 24 x 4 5.50 3 .6 5 .6 0 6.71 8.45
3 5 7 .7 6 5 3.8 4 4 9 .3 2 5 x 5 0 2 5  x 48>10 2 3.80  x 4 6 3 .2 4 .9 5 6.78 8.43
4 62.51 5 6.7 9 5 2 .0 2 5 x 5 0 25 x 4 8 .0 24 x 4 5.70 4 4 .7 9 9.15 8.43
5 58.71 5 4.2 6 4 9 .7 2 5 x 5 0 2 5 x 4 8 5 0 24 x 46.40 3 4 .3 2 7.57 8 .40
6 6 7 .5 9 6 1.3 4 5 6 .2 2 5 x 5 0 2 5  x 4 8 4 0 2 3 .5 0  x 4 5 .7 0 3 .2 5 .5 7 9 2 4 8.37
7 6 1 .8 3 5 4 .6 9 5 0 .0 2 5 x 5 0 2 5 x 4 8 5 0 2 3 5 0 x 4 5 .7 0 3 .4 5 .3 8 1 1.54 8.57
8 6 4 .4 9 5 8.72 5 3 .8 2 5 x 5 0 2 5  x  4 8 5 0 2 3 .2 0  x 4 4 .7 0 3 .4 7 .4 5 8.94 8.37
9 5 7 .9 0 5 4 .1 2 4 9 .6 2 5 x 5 0 2 5  x 4 8 4 0 23.60  x 4 5 5 0 3 .2 5 .9 9 6 5 2 8 .35
1 0 5 8 .2 3 5 4.3 2 4 9 .7 2 5 x 5 0 2 5 x 4 8 5 0 24 x 4 5.60 3 5 .9 7 6.71 8 .5 0
M e a n 3 .2 4 5 .5 2 7.9 8 .38
Table 1.31 Compressive Strength of Biofly Brick Sample N15
Specimen
Number
Max. Load 
Applied 
KN
Length L 
(mm)
Breadth D 
(mm )
Weight
(grams)
C  MPa
1 16.1 6130 2350 443 37.13
2 232 6000 23.70 436 5261
3 16.9 6000 2330 429 3800
4 255 5400 2300 393 6212
5 162 5900 2300 424 3901
6 165 5750 2350 393 3805
7 16 5700 2300 403 3852
8 18.1 5960 2340 428 4210
9 185 6140 2400 440 40.91
10 163 6330 2400 45.8 3604
Table L32 Water Absorption Properties and Saturation Coefficient of Biofly Brick Sample N15
Brick No. Dry Mass (M p  
(grams)
Saturated Mass 
After 24 hts 
Immersion (M2 ) 
(grams)
Saturated 
Mdss After 5hrs 
Boling (M3 )
(groms)
Cold Water 
Absorption test 
for each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
ASTM C67 (SC.)
1 503 58.9 612 15.94 2047 0.77
2 56 643 666 15.71 ld92 0.83
3 493 563 58.8 1521 1926 0.78
4 52 605 626 1634 2038 0.80
5 497 57.7 593 1609 2032 0.79
6 562 64.7 663 15.12 1836 0.80
7 50 573 600 156 2D 0.78
8 533 616 63.7 1449 1840 0.78
9 496 55.9 573 1270 1653 0.76
10 49.7 574 596 1549 19.91 0.77
Description of Soil: 15 S + 40 F A  + 45 C/S
Blows/Layer: 25/3 N°. of Layers: 3 Wt. of Hammer: 24.5 N
Mold dimensions: Diam. 10.3 cm Ht. 12 cm Vol. 1000 cm3
Table 1.33 Compaction Test of Biofly Brick Sample NT6
Water Content Determination
üampie n°. 1 i 2 T " 4----------
MoisTLire can nü. / V | -i " T 3 ------ Î9 ~71-------- ----------- 30
Wt. of can + wer soii 95 n o 1 102 108 128 91 107 97
Wt. of can + ary son 89 102 | 91 97 111 80 91 83
Wt. of waier Ó 8 t 11 11 17 11 16 n r -
Wt. of can 36 38 1 34 37 ' 35 32 34 33
Wt. of dry soil 53 64 57 a0 76 48 57 150“Water content œ % 11.3 12.5 ¡93 183 22.4 22.9 28.1 28
Density Determination
Assumea water cornent ¡0% . 15% -------------- 75%
Water content œ H 11.9 ¡SB“ 7D s n
Wt. of soii + mold 8311"" 8482 " T E B 8501"
Wt. of mold 6/76 Ô/76 6776 6/7Ó
Wt. of soil in mold, g. 1535 Ì706 1757 1725
Wer Density. kN/m3 ¡5.1 ¡6.7 1/3 16.9
Dry Density y. *N/m 3 ¡35 ¡4.1 14.1 13.2
CO
£
c
cn  
c o 
u
> *
a
Water content,w%
- 1 72 -
Table 1.34 Weight Lost and Shrinkage Percentage of Biofly Brick Sample N16
B nck N o . W e t
W e ig h t
M l
(g r a m s )
D ry
W e ig h t
M 2
(g r a m s )
B u rn t
W e ig h t  M 3  
(g r a m s )
W e t
D im e n s io n s  
D i  x L -| (m m )
D ry
D im e n s io n s
D 2 x l 2 (m m )
B urn t
D im e n s io n s
D 3 X L 3
Omm)
D ry
S h r in k a g e
%
B um r
S h rin k a g e
%
D ry
W e ig h t  
Lost %
B um r  
W e ig h t  
Lost %
1 5 9 .0 2 5 2 .5 5 4 8 .6 2 5 x 5 0 2 5 x 4 9 2 3 .3 0  x 4 5 .6 0 2 6 .5 3 10.96 7.51
2 6 3 .5 7 55.81 5 1 .5 2 5 x 5 0 2 5  x 4 8 .3 0 2 2 .9 0  x 4 5 3 .4 6 .8 3 1 2 . 2 0 7.72
3 7 0 .7 7 6 2 .0 9 5 7 .4 2 5 x 5 0 2 5 x 4 9 2 3 .5 0 x 4 5 2 8 .1 6 12.26 7.55
4 6 3 .6 7 5 6 .1 8 5 1 .9 2 5 x 5 0 2 5  x 4 8 .7 0 2 3 .8 0  x 4 4 .7 0 2 . 6 8 . 2 1 11.76 7.61
5 7 3 .7 8 6 4 .5 4 5 9 .6 2 5 x 5 0 25 x  4 9 .5 0 2 4 .6 0  x 47 1 5 .0 5 12.52 7.65
6 6 2 .7 9 5 4 .5 4 5 0 .4 2 5 x 5 0 2 5  x  4 8 .6 0 2 3 .3 0  x 4 5 2 . 8 7 .4 0 13.13 7.59
7 6 2 9 8 5 4 .9 7 5 0 .8 2 5 x 5 0 2 5 x 4 9 2 4 .3 0  x 47 2 4 .0 8 12.71 7.58
8 6 0 .8 7 5 3 .4 6 4 9 .4 2 5 x 5 0 2 5 x 4 9 23 x 4 6 2 6 . 1 2 12.17 7.59
9 6 5 .8 9 5 8 .0 4 5 3 .6 2 5 x 5 0 2 5  x  4 8 .5 0 24  x 46.30 3 4 .5 3 11.91 7.64
1 0 6 1 .2 4 5 3 .4 5 4 9 .4 2 5 x 5 0 2 5 x 4 9 2 4 .4 0  x 47 2 4 .0 8 12.72 7.57
M e a n 2 .2 8 6 .0 6 1 2 . 2 7.55
Table 1.35 Compressive Strength of Biofly Brick Sample N16
Specimen
Number
Max. Load 
Applied 
KN
Length L 
(mm )
Breadth 0 
(m m )
Weight
(grams)
C MPa
1 27 6250 23 A0 455 62.81
2 21 6000 2350 40.9 4927
3 365 58.70 2250 405 9103
4 36 58 A0 2300 425 8659
5 21 5750 23.70 39A 4752
6 285 5350 2400 37.8 6303
7 23.1 6000 2400 435 5108
8 24 2 6050 2300 44.7 5827
9 202 6000 2300 429 72.72
10 24 5950 2250 420 58.81
Table 1.36 Water Absorption Properties and Saturation Coefficient of Biofly Brick Sample N16
Brick No. Dry Mass (M p  
(grams)
Saturated Mass 
After 24 hts 
Immersion (M2)
(grams)
Saturated 
Mass After 5hrs 
Boiling (M3 )
(grams)
Cold Water 
Absorption test 
for each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
ASTM C67 (SC.)
1 485 555 554 1402 1422 0.98
2 515 . 582 585 1300 1320 0.96
3 575 635 641 10.99 11.86 0.92
4 51.9 £92 60.1 1406 15.79 0.89
5 £95 69.7 69.8 16.94 17.11 0.99
6 50A 555 565 1051 11.70 0.88
7 505 5? 0 59.7 16.14 1751 0.92
8 495 55A 555 1257 1257 0.98
9 535 64.1 65 1958 2126 0.92
10 49A £96 595 2354 2054 1
- 1 7 3 -
Description of Soil: 15 S + 45 FA  +40 C/S
Slows/layer: 25/3 N°. of Layers: 3 Wt. of Hammer: 24.5 N
Mold dimensions: Diam. 10.3 cm Ht. 12 cm Vol. 1000 cm3
Table 1.37 Compaction Test of Biofly Brick Materials Sample NT7
Water Content Determination
Sample n°. i -----------7----------- -----------3---------- ---------- 2----------
Moisture can n v 2 ^ ------- " 3 -------- 32 1 3 ------ 40
Wt. of can + wet soil 99 96 91 102 142 151 135 157
Wt. of can + ary soil i 92 8? 83 92 128 136 12D 137
Wt. of water i 7 7 8 10 14 15 15 20
Wt. of can ; 34 34 34 35 r r r 73 CP 68
Wt. of dry soil i 53 55 \ W ~ 57 ■ 57 r S T " 51 CP
Water content <u % i 12.1 127 13.3 17.5 24.6 23.8 29.4 29
Density Determination
Assumea waTer content i5T ¿0% "lol™"
water content colo 127T 154 — 777---------
wt. ot soii + moid “5277---------- 1333 15T7---------- "5472----------
wt. or mold 6//Ó Ó//Ó "5775 "5775----------
Wt. of soil in mold, g. 1521---------- 1557 1/41 i555----------
Wet Density. kN/m3 15 f51 l/.l T55
Dry Density y. kN/m 3 13.4 Uu "1 3 3 — T27--------- -
CO
£
c
CD
T3
>>
u.
Q
Water content,w%
So2,® SfeasuSascS (g©Qnj|)&(3feS®si ^©s ©©¿¡¡¿©S©©
- 174 -
Table 1.38 Weight Lost and Shrinkage Percentage of Bioffy Brick Sample NT 7
Bock No . W e t
W e ig h t
M l
(g r a m s )
D ry
W e ig h t
M 2
(g r a m s )
B urn t
W e ig h t  M 3  
(g r a m s )
W e t
D im e n s io n s  
D  1 x L  ] (m m )
O y
D im e n s io n s  
D 2  x l_ 2  (m m )
B u n t
D im e n s to n s
P 3 x l 3
(m m )
D ry
S h rin k a g e
%
B urnt
S h r in k a g e
%
D ry
W e ig h t  
Lost %
8 u m t  
W e ig h t  
Lost %
1 6 1 .9 0 5 3 .8 5 4 9 .6 25 x 50 25 x 4 8.50 23 x 46.70 3 3.71 13 7.89
2 6 2 .3 4 5 8 .3 8 4 9 .2 25  x 50 • 25  x 4 8 .4 0 23 x 46 3 .2 4 .9 5 14.37 7 .8 3
3 6 3 .4 0 5 4 .1 9 4 9 .9 25 x 50 25  x 4 8.80 22.60  x 45 2 4 7 .78 14.52 7.91
4 6 5 .6 8 5 6 .1 6 5 1 .7 25 x 50 2 5 x 4 8 2 2.5 0  x 4 4 .3 0 4.1 7 .7 0 14.49 7 .94
5 7 3 .3 4 6 3 .0 0 58.1 25 x 50 2 5 x 4 9 23 x 4 6 2 6 . 1 2 14.09 7 .77
6 6 2 .7 3 5 3 .7 5 4 9 .6 2 5  x 50 2 5 x 4 9 23 x  46.70 2 4 .6 9 14.31 7 .7 2
7 6 5 .5 5 5 5 .6 5 5 1 .3 25  x 50 2 5 x 4 9 21.70 x 4 6 2 6 . 1 2 15.10 7.81
8 6 5 .3 8 5 5.51 5 1 .2 25  x 50 2 5 x 4 8 24 x 4 7 4.1 2 .0 8 15.09 7 .7 6
9 6 4 .3 3 5 4 .1 4 4 9 .9 25 x 50 25 x 4 8.40 24 x 4 6 3 .2 4 .9 5 15.84 7 .8 3
1 0 7 1 .1 6 5 8 .5 9 5 3 .9 25 x 50 2 5 x 4 8 23 x 46 4.1 4 .1 6 17.66 8
M e a n 3.01 5 .1 8 14.8 7.81
Table 1.39 Compressive Strength of Biofty Brick Sample N17
Specimen
Number
Max. Load 
Applied 
KN
Length L 
(m m )
Brea am D 
(mm)
Weignt
(grams)
C  MPa
1 36 6340 22 446> 94.75
2 32 6000 23 443 7705
3 2D 5900 23 41.7 48.16
4 32 62.70 24 45.9 70.77
5 23.7 5600 24 395 5241
6 25 69.70 2250 514 6290
7 32 63.70 23 444 7705
8 228 69 24 530 5042
9 36 60.70 22.80 443 8821
10 36 60.70 2230 44.8 9221
Table 1.40 Water Absorption Properties and Saturation Coefficient of Biofly Brick Sample NT7
Brick No. Dry Mass (M p  
(grams)
Saturated Mass 
After 24 hrs 
Immersion (M 2 ) 
(grams)
Saturated 
Mass After 5hrs 
Boiling (M3)
(grams)
Cold Water 
Absorption test 
for each 
specimen %
Boiiing 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
ASTM C67 (SC.)
1 496> 575 59.7 15.92 2036 0.78
2 492 55.8 56.7 1341 1524 0.87
3 49.9 55.1 575 12.42 1523 0.81
4 51.7 585 604 13.15 1632 0.78
5 58.1 63.9 655 9.98 1273 0.78
6 495 575 58.7 16.12 1834 0.87
7 513 575 57.7 1228 1247 0.98
8 51.2 63.8 654 2450 27.73 0.88
9 49.9 59.7 615 1953 2324 0.84
10 53.9 602 614 1158 13.91 0.83
- 1 7 5 -
Table 1.41 Compaction Test of Biofly Brick Materials Sample N18
Description of Soil:
Blows/layer: 25/3
Mold dimensions:
15 S + 50 FA  + 35C/S
N°. of Layers: 3 Wt. of Hammer: 24.5 N
Diam. 10.3 cm Ht. 12 cm Vol. 1000 cm3
Water Content Determination
¿ampie n8. T " T " 3 4
MoisTure can n°. 9 i7------- 13------- -7 2 ------ / i7------- 23 30
Wt. of can + wet soil 108 101 160 155 94 131 87 90
Wt. of can + ary soil 100 93 143 140 83 114 74 77
Wt. of water 8 8 17 15 • 11 n r ” 13 13
Wt. of can 38 34 37 32 36 35 \ W ~ 33 1
Wt. ofdrvsoil 62 3? 10Ó 108 HHT“ 79 n n 44
Water content co % 13 13.6 n r ” 13.9 23.4 21.5 32.5 29.6 1
Density Determination
Assumed water content ¡0% i5% -------------- 25%
Water content 00% n s 3 ---------------- 15 22.5 31.1
Wt. of soil + moid 8246 8354 “3370 8468
Wt. of mold Ó//Ó 6776 6//0 6/76
Wt. of soil in mold, g. " T O ----------------- 15/8 1594 ~1U72
Wet Density, kN/m3 TO Ì55 ”  15.6'“ 16.0
Dry Density y. kN/m 3 12./ 133 m iZ/
CO
£
<35co
T3
Q
Water content,w%
S’&igj'isse SoSS gteesrélasisl (gosEspgisteà®© Seste §osag)Se 3JS3
- 1 7 6 -
Table 1.42 Weight Lost and Shrinkage Percentage of Biofly Brick Sample N18
B nck N o . W e t
W e ig h t
M l
(g r a m s )
D ry
W e ig h t
M 2
(g r a m s )
B urn t
W e ig h t  M 3  
(g r a m s )
W e t
D im e n s io n  
D  i x L  ] (m m )
D ry
D im e n s io n s  
O2 x 1-2  C rrm )
B urn t
D im e n s io n s
D 3 X L 3
(m m )
D ry
S h rin k a g e
%
B u m f
S h r in k a g e
%
D ry
W e ig h t  
Lost %
B u m f  
W e ig h t  
Lost *
1 5 5 .8 0 5 0 .1 8 4 6 .5 25 x 50 25 x 48.60 2 2.7 0  x 4 6 .2 0 2 . 8 4 .9 3 10.07 7 .33
2 6 3 .1 3 5 7 .1 3 5 2 .9 25 x 50 2 5 x 4 8 5 0 2 3.6 0  x 4 5 3 7.21 9 5 0 7 .4 0
3 75.51 6 6 .6 9 6 1 .7 25 x 50 2 5 x 4 8 5 0 24 x 4 5 3 7.21 1 1 . 6 8 7 .4 8
4 6 5 .0 8 5 7 .9 6 5 3 .7 25 x 50 25 x 4 8 5 0 2 2 .7 0 x 4 6 2 . 8 5 .3 4 10.94 7 .3 4
5 6 2 .0 6 5 5 .9 2 5 1.8 25 x 50 2 5 x 4 9 2 3 4 0 x 4 7 .7 0 2 2 .6 5 9 5 9 7 .3 6
6 5 8 .7 9 5 1 .8 7 4 8 .2 25 x 50 2 5 x 4 9 24 x 4 7 2 4 .0 8 11.77 7 .07
7 6 0 .0 4 5 3 .2 2 4 9 .2 25 x 50 2 5 x 4 8 5 0 23 x  45.30 2 . 8 6 .7 9 1 1.35 7 .5 5
8 7 7 .2 7 6 8 .7 2 6 3 .6 25 x 50 2 5 x 4 8 5 0 2 3 .5 0  x 4 6 .3 0 3 4 .5 3 11.06 7 .4 5
9 6 5 .2 7 5 9 .1 4 5 4 .6 25 x 50 2 5 x 4 8 4 0 2 3.3 0  x 4 7 3 .2 2 .8 9 9 5 9 7 .6 7
1 0 6 8 .7 9 6 1 .0 4 5 6 .3 25 x 50 2 5 x 4 9 2 3.3 0  x 4 6 .6 0 2 4 .8 9 1 1.26 7 .7 6
M e a n 2 . 6 6 5 10.63 7 .3 9
Table 1.43 Compressive Strength of Biofly Brick Sample N18
Specimen
Number
Max. Load 
Applied 
KN
Lengm l 
(mm)
Breadth 0  
(mm)
Weight
(grdms)
C MPa
1 28 4300 2300 29.1 6742
2 34 58.70 2250 426 8555
3 32 6600 22.60 462 79.81
4 27.8 61.76 2400 44.1 61.48
5 38 5850 2330 443 89.16
6 32 5850 2350 425 73.81
7 263 5650 2300 375 6333
8 36 59.80 2300 45.9 8659
9 253 2520 23.70 19.8 5737
10 28.2 39.70 2350 290 6504
Table 1.44 Water Absorption Properties and Saturation Coefficient of Biofly Brick Sample N18
Brick No. Dry Mass (M p  
(grams)
Saturated Mass 
After 24 tvs 
Immersion (M2 ) 
(grams)
Saturated 
Mass After 5hrs 
Boiling (M3)
(grams)
Cold Water 
Absorption test 
for each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
ASTM C67 (SC.)
1 465 546 56.8 174 2 2 1 0.78
2 52.9 613 645 163 21.9 0.76
3 61.7 736 762 192 235 0.81
4 53.7 625 64.9 163 20.8 0.78
5 51.8 644 66.8 243 28.9 0.84
6 482 60.7 629 25.9 304 0.86
1 492 584 60.7 186 233 0.79
8 635 76.1 78.7 196 23.7 0.82
9 545 66.1 68.8 21 260 0.80
10 563 675 703 193 24.8 0.79
-1 77-
Table 1.45 Compaction Test of Biofly Brick Materials Sample No 19
Description of Soil:
Blows/Layer : 25/3
Mold dimensions:
15 S + 55 FA  + 30C/S
N°. of Layers: 3 Wt. of Hammer: 24.5 N
Diam. 10.3 cm Ht. 12 cm Voi. 1000 cm3
Water Content Determination
sample n°. i ----------- 2---------- -----------3---------- 4 1 1 '
Moisture can n°. ^ 3 ------ 5Ó ------ 41 - p r - I ------- 44
Wt. of can + wet soil , 104 132 133 152 133 IÏ71------- 155 183
Wt. of can + dry soil ' 99 1 125 124 141 121 I 153 133 159
Wt. of water j 5 1  T ~ 9 11 ¡2 18 22 24Wt. of can ! 61 71 71 71 09 53 71Wt. of dry soil i 38 1 54 53 70 50 1 34 80 88
Water content co % Ì3.2 1 13 17 ¡5.7 24 I 21.4 27.5 27.3
Density Determination
Assumed water content T T S -------------- — m -------------- aN
water content û>% 13. i ¡54 Z 1.Ì 273---------------
Wt. ot soil + moid ---------------- "8321“ "O T -----------------
wt. ot mold Ó//Ó Ó//Ó "5775 "3775-----------------
wt. of soil in mold. g. T433'... 125 Ì643 -1555-----------------
Wet Density. kN/m3 i4.1 15.2 ' 16.1 “ 1 3 ----------------
Dry Density y. kN/m 3 iZb ¡3.1 ¡3.1 J7E----------------
CO
S
*
cn  c o"D
a
Water content,w%
Soââ ©fëasKâas©! ©©iffijpQQfè&Qsi S©©fë £p©s g ©sag) IL© Sîâg)
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Table 1.44 Weight Lost and Shrinkage Percentage of Biofly Brick Sample N19
B nc k  N o . W e t
W e ig h t
M l
(g r a m s )
O y
W e ig h t
M 2
(g r a m s )
B urn t
W e ig h t  M 3  
(g r a m s )
W e t
D im e n s io n s  
D  i x l  i (m m )
D ry
D im e n s io n s
D 2 x l 2 (m m )
B urn t
D im e n s io n s
D 3 X L 3
Omm)
D ry
S h r in k a g e
%
Bcxnt
S h r in k a g e
%
D ry
W e ig h t  
Lost %
B urnt 
W e ig n t  
Lost %
1 6 3 .1 9 5 6 .5 9 5 2 .4 25 x 50 25 x 4 8 6 0 23 x 4 7 6 0 2 . 8 2 .0 5 10.44 7 .40
2 6 2.4 1 5 4 .5 0 5 0 .5 25 x 50 2 5  x  4 9 6 0 22 x 4 5 0 . 8 9 .2 7 12.67 7 .3 3
3 6 0 .9 2 5 3 .2 5 4 8 .5 25 x 50 2 5  x 4 8 6 0 24 x 47.30 2 . 8 2 .6 7 1 2.59 8 .9 2
4 6 7 .3 0 5 8 .9 0 5 3 .8 25 x 50 25  x  4 9 23 x 47 2 4 .0 8 12.48 8 .6 5
5 6 5 .1 7 5 7.01 5 2 25 x 50 2 5  X 4 9 4 0 2 2.60  x 4 5 3 0 1 . 2 8 .2 9 1 2.52 8 .7 8
6 6 1 .8 6 54.41 4 9 .7 25 x 5 0 2 5  x  4 9 4 0 24 x 4 7 3 0 1 . 2 4 .2 5 1 2.04 8 .6 5
7 7 5 .1 4 6 5 .2 4 5 9 .6 25 x 50 2 5  x  4 9 6 0 24 x 48 0 . 8 3 .2 2 13.17 8 .6 4
8 7 5 .1 3 6 4 .6 0 5 8 .9 25  x 50 25 x 4 9 2 3.70  x 4 7 2 4 .0 8 14.01 8 .8 2
9 6 1 .5 2 5 3 .0 9 4 8 .4 25 x 5 0 25 x 49 2 2.50  x 4 6 4 0 2 5 .3 0 13.70 8 .8 3
1 0 6 6 .6 7 5 7 .5 8 5 2 .5 25 x 50 25 x 49 24 x 48 2 5 .3 0 13.63 8 .8 2
M e a n 1.76 4 .8 1 2 . 6 8 8 .4 5
Table 1.47 Compressive Strength of Biofly Brick Sample N19
Specimen
Number
Max. Load 
Applied 
KN
Length L 
(mm )
Breadth D 
(m m )
Weight
(grams)
C  MPa
1 203 5540 2350 390 . 46.82
2 273 5440 22.80 41.9 68.12
3 365 5860 2140 414 10153
4 32 5Ó0 23 403 “77ÓS
5 29.1 560 23 393 7007
6 32 5440 22.40 392 8124
7 32 6040 2220 450 8271
8 19 60.80 2340 43.7 4420
9 32 6230 22.80 446 7841
1Ó 26.8 6120 2330 445 6288
Table L48 Water Absorption Properties and Saturation Coefficient of Bioffy Brick Sample N19
Brick No. Dry Mass (M p  
(grams)
Saturated Mass 
After 24 hrs 
Immersion (M2 ) 
(grams)
Saturated 
Mass After 5hrs 
Boiling (M3)
(grams)
Cold Water 
Absorption test 
for each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
ASTM C67 (SC.)
1 524 617 634 1774 20.99 0.84
2 505 563 583 1247 1544 0.80
3 485 624 643 2865 3257 0.87
4 53 3 663 684 2323 27.13 0.85
5 52 603 622 15.96 1961 031
6 49.7 621 63.9 24.94 2857 0.87
7 596 736 74 2348 24.16 0.97
8 58.9 71.9 745 2207 2648 0.83
9 484 583 603 2148 2561 0.83
10 525 656 67.9 24.95 2933 0.85
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Table 1.49 Compaction Test of Biofly Brick Materials Sample K2Q
Description of Soil:
Blows/Layer: 25/3
Mold dimensions:
20 S + 30 FA  + 50 C/S
N°. of Layers: 3 Wf. of Hammer: 24.5 N
Diam. 10.3 cm Ht. 12 cm Voi. 1000 cm3
Water Content Determination
Sample n°. i "2" "3 4
Moisnjre can n°. / — ii ¡3 ¡9 ---- ^3— 1 30Wt. of can + wet soil ! 122 102 100 135 135 102 144 110
Wt. of can + dry soil 114 j 9d 91 120 117 89 121 1 94
Wt. of waier 8 8 9 15 . 18 13 23 1
Wt. of can 36 38 34 37 35 ' ' 32 34 33
Wt. of ary soil : 78 1 56 57 33 82 57 87 61
Water content co% 10.3 ; 14.3 15.8 18.1 22 22.8 26.4 1 26.2
Density Determination
Assumed warer conTenT " T O -------------- iò % -------------- ¿5%
Water content T23 1/ 26.3
Wt. of soil + mold ¿302 T E S T ” “555? "5530
Wt. or mold 6/76 6776 6776 6776
Wt. or soil in mold. g. ¡526 ¡793 i/64
Wet Density, kN/m3 “75 16-5 1/.Ó 17.4
Dry Density y. KN/m 3 I37T--------------- 14.1 144 13.8
CO
£
*
•*—
'55c
CD■a
Q
Water content,w%
i
g ’& ig F B S ©  2  a 2 D  Q f e g\ró\(e|gvi?gT S S ®
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Table 1.50 Weight Lost and Shrinkage Percentage o f  Biofly Brick Sample K20
B ncx N o . W e t  W e ig h t  
M l  (g r a m s )
D ry  W e* g nt  
M 2  (g r a m s )
B urnt
W e ig h t  M 3  
(g r a m s )
W e t
D im e n s io n s  
D i  x L i (m m )
D ry
D im e n s io n s
° 2 x L 2
(m m )
B urnt
D im e n s io n s  
D 3 X L 3  (m m )
Dry
S h r in k a g e
%
8 u m f
S h r in k a g e
%
D ry
W e ig h t  
Lest X
Burnt 
W e ig h t  
Last X
1 6 2 .4 5 5 5 .6 5 5 0 .5 25 x 50 2 4 5 0  x 4 8 5 0 24 x 4 5.70 3 .2 5 .57 1 0 . 8 8 9 2 5
2 6 2 .1 2 5 5 .1 2 5 0 .9 25 x 50 2 4.80  x 4 8 5 0 24 x 4 6 5 0 3 4 .7 4 11.26 7.65
3 5 9 .2 7 5 3 .1 3 4 8 .0 2 5  x 50 24.80 x 4 8 24 x 4 5.50 4 5 .2 0 10.35 9.65
4 64.21 5 6 .6 7 51.1 25 x 50 2 4 5 0  x 4 8 5 0 24 x 45 3 .4 6 .8 3 11.74 9.82
5 6 2 .3 3 5 5 .0 2 4 9 .5 25  x 50 24.80 x 4 8 2 4  x 4 4 .3 0 4 7 .7 0 11.72 10.03
Ó 6 0 .0 5 53.51 4 8 .3 25  x 50 24.80 x 4 8 24  x 45 4 6 .2 5 10.89 9.73
7 6 6 . 2 0 5 8 .7 9 5 3 .2 25  x 50 2 4 5 0  x 4 8 5 0 24 x 4 5 .7 0 3 .4 5 .3 8 11.19 9 5 0
8 6 3 .2 2 5 6 .1 8 5 0 .9 2 5 x  50 24.80 X  4 8 24 x 4 5.50 4 5 .2 0 11.13 9 5 9
9 5 9 .1 7 5 3 .1 5 4 8 25 x 50 24.80 x 4 8 2 4  x 4 5 .5 0 4 5 .2 0 10.17 9.68
1 0 6 7 .2 9 6 0 .0 9 5 4 .2 25 x 50 24.80 x 48 24  x 45 4 6 .2 5 10.69 9.80
M e a n 3 .7 5 .8 10.94 9 41
Table 1.51 Compressive Strength of Biofty Brick Sample K20
Specimen
Number
Max. Load 
Applied 
KN
Length L 
(mm)
Breadth D 
(mm)
Weight
(grams)
C  MPa
1 264 60.80 2440 427 5648
2 265 5430 2420 413 5754
3 27 57JOO 2450 393 5730
4 " S T " »3 5 2450 40.1 5454
5 243 62.90 242) 442 5235
6 31 6530 2320 460 7336
7 284 63.90 1335 404 6230
8 31 62.70 2400 433 6855
9 285 5900 2400 40.1 6303
10 30i 5830 2430 40i 66.79
Table L52 Water Absorption Properties and Saturation Coefficient of Biofly Brick Sample K20
Brick No. Dry Mass (M p  
(grams)
Saturated Mass 
After 24 hrs 
Immersion (M2 ) 
(grams)
Saturated 
Mass After 5hrs 
Boiling (M3 )
(grams)
Cold Water 
Absorption test 
for each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
A STM C67 (SC.)
1 505 57.9 585 1455 1534 0.92
2 49.9 56.9 57.1 1402 1442 0.97
3 480 545 54.9 13.73 1437 0.95
4 51.1 582 585 13.89 1448 0.95
5 495 56.1 56.7 1333 1454 0.91
6 483 55 554 1337 1459 0.94
7 533 61.1 613 1453 1594 0.91
8 503 58.1 585 1437 1535 0.93
9 47.9 54.8 54.9 1440 1451 0.98
10 54.1 615 620 1357 1450 0.93
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Table 1.53 Compaction Test of Biofly Brick Materials Sample K21
Description of Soil:
Blows/Layer: 25/3
Mold dimensions:
20S + 35 FA  + 45C/S
N°. of Layers: 3 Wt. of Hammer: 24.5 N
Dfam. 10.3 cm Ht. 12 cm Voi. 1000 cm^
Water Content Determination
sample nu. i —7"
_ L
3---------- 4
Moisture can n i 1 i ° 1 4 0 i 0 } 10 12
Wt. of can + wet soil 86 _ I * 172“ 125 100 102 107
Wt. of can + dry soii . 80 __ (_92 06 110 1 SA 87 94 90Wt. of water Ó | 7 1 6 15 ”1 12 13 8 i7 ,
Wt. of can i 34 1 33 | 34- 33 1 33 36 32 34 i
Wt. of ary soil i 46 1 59 1 32 77 • T s r 51 62 56 \
Wafer content a  % i 13 1 11.9 | 18.8 195 1 235 255 12.9 304 :
Density Determination
A s s u m e a  w a t e r  c o n t e n t " T T -------------------- 10% " r r a ------------------- ---------------------
W a t e r  c o n t e n t - <u % ” 125 iV.4 245 2 D -----------------------
w t .  o t  so n  +  m o ld "335 5 “T O Z 8 s k 4 8498
w t .  o t  m o ld ¿7 76 0//Ó 6/76 ~o775------------------------
W t .  o t  s o i l in  m o ld .  g . , 1 3 3 2 IÒ/ 8 1748 1 7 2 2 ------------------------
W e t  u e n s i t y ,  k N / m s 1 3 3 165 i / . i H s s ----------------------
Dry Density y. x N / m  3  i 135 “ 1 3 3 13./ 18.9
CO
£
>*
cn
co
73
>*
c
Water content,w%
S’âig'iss©  So S 41 ©fèasKâgiSiâ (§®aïs|>s@fèâ@& S5® s  Sâ S
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Table 1.54 Weight Lost and Shrinkage Percentage of Biofly Brick Sample K21
BncK N o . W e t
W e ig h t
M l
(g r a m s )
D ry
W e ig h t
M 2
(g r a m s )
B urn t
W e ig h t  M 3  
(g r a m s )
W e t
D im e n s io n s  
D i  x L ] (m m )
D ry
D im e n s io n s
D 2 x L 2 (m m )
Burnt
D im e n s io n s
D 3 X L 3
(n rm )
D ry
S h r in k a g e
X
B urnt
S h r in k a g e
%
D ry
W e ig h t  
Lost %
B urnt 
W e ig h t  
Lost X
1 62.21 5 1 .8 8 4 6 .8 25 x 50 2 4.8 0  x 48 2 2 5 0  x 46 4 4 .1 6 16.60 9 .79
2 70.71 5 7 .6 3 5 2 25 x 50 2 4.8 0  x 48 2 2.80  x 46.70 4 2 .7 0 18.49 9 .76
3 6 5 .2 0 5 3 .0 8 48.1 25 x 50 2 4.8 0  x 48 23 x 45.70 4 4 .7 9 18.58 9 .3 8
4 7 5 .9 4 62.11 5 6 .0 25 x 50 2 4 .8 0  x 48.20 2 2 5 0 x 4 4 .2 0 3 .6 8 .2 9 18.21 9 .83
5 6 5 .7 5 53.01 48.1 25 x 50 2 4 .8 0  x 48.20 2 3 .5 0  x 4 7.30 3 .6 1 . 8 6 19.37 9 .2 6
Ó 73.51 5 9 .5 5 5 4 .0 25 x 50 2 4.8 0  x 48 2 1 .8 0 x 4 5 4 6 .2 5 18.99 9.31
7 6 6 .5 2  ' 5 3 .8 8 4 8 .8 25 x 50 24.80  x 48 2 3 .6 0  x 4 5 .8 0 4 4 .5 8 19 9 .4 2
8 6 6 .2 8 5 3 .6 8 4 8 .6 25 x 50 2 4 .8 0  x 48 2 3 .4 0  x 4 5 .6 0 4 5 19.01 9 .46
9 6 9 .6 0 5 6 .6 5 51.1 25  x 50 2 4.8 0  x 48 23 x 45.50 4 5 .2 0 18.60 9 .79
1 0 7 3 .0 5 5 9 .5 5 5 3 .7 25 x 50 2 4 .8 0  x 48.30 23 x47 3 .4 2 .6 9 18.48 9 .82
M e a n 3 .8 6 4 .5 18.49 9 .5 3
Table 1.55 Compressive Strength of Biofly Brick Sample K21
Specimen
Number
Max. Loaa 
Applied 
KN
LengTfi L 
(mm )
Breadth 0  
(m m )
Weight
(grams)
C  MPa
1 25 6140 22.70 490 6130
2 32 5640 2240 432 8124
3 33 59.70 22.80 43.1 7331
4 30 5700 2300 413 7224
5 25 55.70 2260 413 6434
6 21.7 4800 2300 35.1 5225
.......  1 193 5700 2300 41.1 1647
6 227 58.70 2330 462 5236
9 225 57.80 2360 453 5146
10 206 56.70 2330 444 4731
Table 1.56 Water Absorption Properties and Saturation Coefficient of Biofly Brick Sample K21
Brick No. Dry Mass (M p  
(grams)
Saturated Mass 
After 24 hts 
Immersion (M2 ) 
(grams)
Saturated 
Mass After 5hrs 
Boiling (M3 )
(grams)
Cold Water 
Absorption test 
for each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
ASTM CÓ7 (SC.)
1 463 527 53.8 1260 1495 0.84
2 52 583 602 1230 15.76 0.79
3 48.1 546 566 1331 1767 0.76
4 560 643 653 14.82 1730 0.84
5 48.1 563 582 1808 20.99 0.86
6 540 61.1 626 13.14 15.92 0.82
7 48.8 34.7 572 1209 1721 0.70
8 486 573 593 1831 220 1 0.83
9 51.1 58.1 590 1369 1545 0.88
10 53.7 60.9 612 1340 13.96 0.95
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Table 1.57 Compaction Test of Biofly Brick Materials Sample K22
Description of Soil:
Blows/Layer: 25/3
Mold dimensions:
20 S + 40 FA  + 40 C/S
N°. of Layers: 3 Wt. of Hammer: 24.5 N
Diam. 10.3 cm Ht. 12 cm Voi. 1000 cm3
W a te r  C o n t e n t  D e te rm in a tio n
Sampie n°. i -----------2----------- 0 4
Moisture can n°. S3 84 ■JO o/ "31------- 42 4 j 44
Wt. of can + wet soil ; 135 176 230 169 Ì90 214 155 1 ¡99
Wt. of can + ary soil 127 161 180 154 167 185 132 1 171
Wt. of water ; 8 15 20 15 23 29 23 I 28 !
Wt. of can ! Ó1 71 71 71 71 69 53 71
Wt. of dry soil 65 90 109 83 96 116 79 1 100
Water content co% ir  12.1 16.7 18.4 18.1 25 25 29.1 1 28
D e n s ity  D e te rm in a tio n
Assumed water coment lo % ¡5 % “ a r a ------------------------- “ S T --------------------------
Water coment <u ■*> ¡44 “133 2b ” 133----------------------------
Wt. of soil + moid "53T3 "B4E>------------------------------ " T O ----------------------------- 8449
wt. of mold 6/76 Ó/ / 6 "3773----------------------------- "3773------------------------------ -
Wt. of soil in moia. g. 1530"" 1333 17TB----------------------------- [1373------------------------------
Wet Density. kN/mj 15.1 ¡3 ló.V ió.4
Dry Density y, kfM/m s ¡3.3 ”735"1 ” 133 --------------------------- ” H B ----------------------------
CO
Z
<t>co■a
>*u.
a
Water content,w%
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Table 1.53 Weight Lost and Shrinkage Percentage of Biofiy Brick Sample K22
Brick N o . W e t  W e ig h t  
M l  (g r a m s )
D ry
W e ig h t
M 2
(g r a m s )
B urn t
W e ig h t  M 3  
(g r a m s )
W e t
D im e n s io n s  
D  i x L  | ( r r m )
D ry
D im e n s io n s
D 2 X l 2 (m m )
B urn t
D im e n s io n s
D 3 X L 3
( r r m )
D ry
S h r in k a g e
%
B urnt
S h r in k a g e
%
D ry
W e ig h t  
Lost %
Burnt 
W e ig h t  
Lost %
1 5 7 .0 2 5 3 .5 8 4 8 .6 25  x 50 2 5  x 48 2 2  x  43.70 4 8.95 6 .0 3 9 2 9
2 5 6 .3 2 5 1 .9 9 4 7 .2 25  x 50 2 5  x 48 2 3 .3 0  x  4 5 .4 0 4 5.41 7 .6 8 9.21
3 6 3 .2 5 5 8 .5 2 5 3.1 25  x 50 2 5  X 4 8 23 x 4 3 4 10.41 7 .4 7 9 .2 6
4 5 5 .0 2 5 0 .9 8 4 6 .2 25  x  50 2 5  x  4 8 2 1 5 0  x 4 4 4 8 5 3 7 .3 4 9 .3 7
5 5 7 .4 9 5 2 .8 8 4 7 .8 25  x  50 2 5  x  4 7 5 0 2 1 .6 0  x 4 3 .8 0 5 7.78 8 . 0 1 9 .6 0
Ó 6 4 .5 4 5 9 .1 6 5 3 .6 25  x  50 2 5 x 4 8 2 1 5 0  x 4 4 .7 0 4 6 5 7 8 .3 3 9 .3 9
7 5 6 .9 2 5 2 .7 7 4 7 .9 2 5  x 50 2 5  x 4 8 2 3 5 0  x 4 6 4 4.15 7 .2 9 9 .2 2
8 5 8 .5 0 5 2 .9 8 4 8 .0 25 x 50 2 5  x 4 7 5 0 2 1 .3 0  x  4 2 .4 0 4 .8 10.83 9 .4 3 9 .3 9
9 5 9 .6 7 5 4 .2 2 4 9.1 2 5  x  50 2 5  x  48 2 2 5 0  x  4 5 .5 0 4 5 2 0 9 .1 3 9 .4 4
1 0 5 4 .2 4 5 0 .6 3 4 5 .9 25 x 50 2 5 x 4 8 2 3 .4 0  x 4 5 .3 0 4 5 5 2 6 .6 5 9 .3 4
M e a n 4 .1 8 7 .3 2 7 .6 9 9 .3
Table 1.59 Compressive Strength of Biofiy Brick Sample K22
Specimen
Number
Max. Loaa 
Applied 
KN
Length 1 
(m m )
Breadth 0 
(mm )
Weight
(grams)
C  MPa
1 36 55 22 397 94.75
2 36 5440 2130 38.7 101.08
3 38 5830 21.70 429 10280
4 2 t 61 2 435 63.16
5 312 5530 2130 39.7 8353
Ó 2D 5830 23 428 48.16
7 47 5630 2250 403 118.26
8 324 55.80 2223 415 83.74
9 224 54.70 21.70 397 6059
10 342 54 "2T55 H » 3 9424
Table 1.60 Water Absorption Properties and Saturation Coefficient of Biofiy Brick Sample K22
Brick No. Dry Mass (M p  
(grams)
SaTurated Mass 
After 24 hrs 
Immersion (M2 ) 
(grams)
Saturated 
Mass After 5hrs 
Boiling (M3)
(grams)
Cold Water 
Absorption test 
for each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
ASTM C67 (SC.)
1 485 53.9 555 10.90 1440 0.75
2 472 54.1 545 1451 1546 0.94
3 53.1 624 645 1751 2146 0.81
4 462 521 527 1277 1406 0.90
5 47.8 545 56.1 1422 1736 0.81
6 535 595 61.7 11.19 15.11 0.74
7 47.9 575 57.8 2325 2056 098
8 480 534 552 1125 1500 0.75
9 49.1 573 59.1 16.70 2036 0.82
10 45.9 564 583 2237 2701 0.W
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Tcbie 1.61 Compaction Test of Biofly Brick Materials Sample K23
Description of Soil:
Blows/Layer: 25/3
Mold dimensions:
20 S + 45 FA  + 35 C/S
N°. of Layers: 3 Wt. of Hammer: 24.5 N
Diam. 10.3 cm Ht. 12 cm Voi. 1000 cm3
Water Content Determination
sample n°. i " T " t 4
Moisture can n°. A 10 17 [21------- ¿L ¿5 27
Wt. of can + wer soil 101 94 89 98 104 116 85 78
Wt. of can + dry soil 93 88 82 89 92 102 73 6?
Wt. of water 5 Ó 7 9 12 14 12 9
Wt. of can 33 38 34 34 32 34 34 33
Wt. of dry soil aO 50 48 55 60 68 39 36
Water content <y % , 13.3 12 14.6 16.4 20 20.6 30.8 25
Density Determination
Assumed water content ¡0% " T Ô T “ 20% or à*
Water content <u % \1'/ ¡5.5 “T3 3 --------------- ----------------
Wt. of soil + moia 823/ 8339 “5375----------------- “8235 ‘
Wt. or mold 6/76 “3773 "3773 ' "3775----------------- -
Wt. or soil in moia. g. "137 pS53----------------- 1700----------------- [7335----------------- -
Wet Density, kN/m3 14.3 ¡53 16./ — f37----------------
Dry Density y. kN/m o M / ¡3.3 — 133--------------- ¡3.1
CO
£
iz
co
> s
a
Water content,w%
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Table 1.62 Weight Lost and Shrinkage Percentage of Biofly Brick Sample K23
Brick N o . W e t
W e ig h t
M l
(g r a m s )
D ry
W e ig h t
M 2
(g r a m s )
B urnt
W e i t f i t M 3
(g r a m s )
W e t
D im e n s io n s  
D -|xL ] (¡m m )
D ry
D im e n s io n s
D 2 x L 2 0 nnm)
B urn t
D im e n s io n s
D 3 X L 3
(m m )
D ry
S h r in k a g e
%
B u m f
S h r in k a g e
%
D ry
W e ig h t  
Lost %
B u m f  
W e ig h t  
Lost %
1 5 7 .8 8 5 2 .7 9 4 7 .9 25 x 50 25 x 48 2 2 .8 0 x 4 4  3 0 4 7 .7 0 8.79 9 .26
2 7 0 .5 9 6 0 .0 5 5 4 .6 25 x 5 0 25 x 48 23 x 45.30 4 5 .6 2 1 4.93 9 .07
3 6 0 .8 8 5 1 .5 2 4 6 .8 25 x 5 0 25  x 48 2 3 .8 0  x 4 5 .5 0 4 5 .2 0 15.37 9 .1 6
4 6 0 .6 4 5 1 .6 0 4 6 .8 25 x 5 0 25  x 48 2 2  x 4 4 4 8 .3 3 14.90 9 .30
5 5 8 .2 7 5 0 .3 8 4 5 .8 25 x 50 25  x 48 2 1 .6 0  x 4 5 .3 0 4 5 .6 2 13.54 9 .0 9
Ó 6 0 .5 6 52.31 4 7 .5 25 x 50 25  x 48 2 2 .6 0  x 4 3 .8 0 4 8 .7 5 13.62 9 .19
7 6 8 . 1 1 5 8 .7 3 5 3 .4 25 x 50 2 5  x 48 2 2 .7 0 x 4 5 .6 0 4 5 13.77 9 .07
8 5 9 .9 6 52.81 4 7 .9 25 x 50 25 x 48 23  x 44.60 4 7 .0 8 11.92 9 .29
9 5 8 .9 7 5 1 .0 9 4 6 .4 25 x  5 0 25 x 48 2 3 .4 0  x 4 4 .3 0 4 7 .7 0 13.36 9 .17
1 0 5 8 .8 0 5 0 .2 4 4 5 .6 25  x 50 25 x 48 23 x 4 6 4 4 .1 6 14.55 9 .2 3
M e a n 4 6 .4 9 13.43 9 .12
Table 1.63 Compressive Strength of Biofly Brick Sample K23
Specimen
Number
Max. Loaa 
Applied 
KN
length L 
(mm)
Breadth D 
(m m )
Weight
(grams)
C  MPa
1 36.5 5900 2200 435 9605
2 360 5960 2200 435 94.75
3 . 365 5550 21.80 39.9 97.83
4 285 6140 2200 456 75.80
5 36 5840 2200 430 94.75
6 38 59.70 2150 43.8 106.69
7 30 5740 2200 41.8 78.95
8 23 59.60 21.70 44 2 75.74
9 275 5700 2150 41.7 7606
10 365 5900 2150 415 97.83
Table 1.64 Water Absorption Properties and Saturation Coefficient of Biofly Brick Sample K23
Brick No. Dry Mass (M j) 
(grams)
Saturated Mass 
After 24 hrs 
Immersion (M2) 
(grams)
Saturated 
Mass After 5hrs 
Boling (M3)
(grams)
Cold Water 
Absorption test 
for each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
soecimen 
A STM C67 (SC.)
1 47.9 54.9 56.7 1461 1837 079
2 546 65.9 682 2069 24.90 0.83
3 465 574 593 '2264 26.70 0.84
4 465 556 55.9 18.80 1944 0.96
5 455 53 3 54.8 1637 1965 0.83
6 475 552 572 1621 2042 0.79
7 534 630 653 17.97 2228 0.80
8 47.9 542 563 13.15 1753 0.75
9 464 536 554 1551 1939 0.79
10 456 566 584 24.12 2807 0.85
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Description of Soil: 20 S + 50 FA  + 30 C/S
Blows/Layer: 25/3 N°. of Layers: 3 Wt. of Hammer: 24.5 N
Mold dimensions: Diam. 10.3 cm Ht. 12 cm Vol. 1000 cm3
Table 1.65 Compaction Test of Biofly Brick Materials Sample K24
Water Content Determination
samDie n5“ 7"" -----------2----------- j 1 4
Moisture can n°. 2 ^ ------- & T O ------ 3b 38
T * —
40
Wt. of can + wet soil iff 72 103 109 181 140 1 154 139
Wt. or can + ary soil 66 Ó7 92 98 15? 127 135 123 i
Wt. of water i 4 5 11 11 22 13 19 16
Wt. of can 34 34 35 71 73 69 68Wt. of ary soil ! 31 33 56 63 88 54 60 55Water content co % j. 12.9 152 18.9 17.5 25 24.1 I 28.8 29.1
Density Determination
Assumed water content " T O --------------- T O 20% 2b «
Water content TO "I 182 24.5 T O ------------------
wt. of soil + mold ~ m a ----------------- f w ---------------- 8394
Wt. of moid Ó//Ó “3775 Ó//6 5776
wt. otsoil in moid. g. T E S "1533----------------- "1323 IÒI8 i
Wet Density. 2N/m3 142 T O 152 15.9
Dry Density y. KN/m 3 , iZb 127 N Oc IZ2
CO
£
c
(?)c<D
T3
Q
Water content,w%
So V U  (g®SL5|>©@fe&®si Sââ
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Table 1.66 Weight Lost and Shrinkage Percentage of Biofly Brick Sample K24
SncK N o . W e t
W e ig h t
M l
(g r a m s )
D ry
W e ig h t
M 2
(g r a m s )
B urn t
W e ig h t  M 3  
(g r a m s )
W e t
D im e n s io n s  
D ]  x l  ] (m m )
D ry
D im e n s io n s
D 2 x L 2 (m m )
B urn t
D im e n s io n s
° 3 x L 3
(m m )
D ry
S h r in k a g e
%
B a n t
S h r in k a g e
%
D ry
W e ig h t  
Lost %
B urnt  
W e ig h t  
Lost %
1 5 5 .9 6 4 9 .6 4 45.1 25  x 50 25 x 49 2 4 5 0  x 47 2 4 .0 8 11.29 9 .1 4
2 7 2 .5 6 6 2 .3 4 5 6 .6 25  x 50 2 5  x 4 8 .6 0 24  x 4 6 2 . 8 5 .3 4 1 4.08 9 .2 0
3 60.11 5 2 .6 0 4 7 .8 2 5  x 50 25 x 49 2 4.3 0  x 4 7 2 4 .0 8 1 2.4 9 9 .1 2
4 6 1 .6 3 5 4 .3 8 4 9 .5 25 x 50 2 5  x 48/40 24 x 47 3 .2 2 .8 9 1 1.76 8 .9 7
5 5 7 .7 3 5 1 .5 8 4 6 .8 25 x 50 2 5  x 4 8 .6 0 24 x 46.70 2 . 8 3 .9 0 1 0.65 9 .2 6
6 5 4 .9 9 4 9 .3 9 4 4 .9 25 x 50 2 5  x 4 8 .6 0 24 x 47 2 . 8 3 .2 9 10.18 9 .0 9
7 5 9 .2 5 5 2 .7 9 4 8 .0 2 5  x 5 0 2 5  x 4 8 5 0 2 4 5 0  x  4 7 3 3 .0 9 1 0.9 0 9 .0 7
8 6 0 .3 2 5 4 .0 0 49.1 25  x 50 2 5  x 4 8 5 0 2 4  x 46.40 3 .4 3 .9 3 10.47 9 .0 7
9 6 1 .6 2 5 4 .9 8 5 0 .0 25  x  50 2 5  x 4 8 5 0 2 4 5 0  x 4 6 .5 0 3 .4 3 .7 2 10.77 9 .0 5
1 0 6 9 .2 3 6 2 .2 3 5 6 .8 25  x 50 25  x 48 2 4  x 47 4 2 .0 8 1 0 . 1 1 8 .7 2
M e a n 2 .94 3 .5 8 1 1 . 2 1 9 .0 2
Table 1.67 Compressive Strength of Biofty Brick Sample K24
Specimen
Number
Max. Loaa 
Applied 
KN
Lengm L 
(m m )
Breaatn 0 
(m m )
Weignt
(grams)
C  MPa
1 295 . 62 5 220 42.8 77.11
2 255 58 2150 424 71.88
3 32 68.70 21 45.8 9243
4 195 65.70 23 44.1 46.95
5 145 625 23 415 34.91
6 29 66 22 45.1 7652
7 36 57.70 21 386 103.9?
8 17 6250 23 41j0 40.93
9 26.1 63 22 420 68 if)
JO 215 6940 23 484 5129
Table 1.68 Water Absorption Properties and Saturation Coefficient of Biofly Brick Sample K24
Briar No. Dry Mass (M j) 
(grams)
SaTuratea Mass 
After 24 hrs 
Immersion (M 2) 
(grams)
SaTuratea 
Mass After 5hrs 
Boiling (M3)
(grams)
Cold Water 
Absorption test 
for each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
ASTM C67 (SC.)
1 455 56.9 57.1 2560 2604 0.98
2 56.9 (fit 700 2251 2302 0.95
3 480 607 61.1 2545 2729 096
4 49.7 626 628 25.95 2655 0.98
5 47.1 586 58.8 2441 24.84 098
6 45.1 565 566 2527 2549 0.99
7 485 61.1 612 2550 26.70 0.99
8 495 616 621 24.94 25.96 0.95
9 502 625 62.8 24.10 2509 0.96
10 56.9 714 719 2548 26.36 096
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Table 1.69 Compaction Test of Biofly Brick Materials Sample K25
Description of Soil:
Blows/Layer: 25/3
Mold dimensions:
20 S + 55 F A  + 25  C/S
N°. of Layers: 3 Wt. of Hammer: 24.5 N
Diam. 10.3 cm Ht. 12 cm Voi. 1000 cm^
Water Content Determination
Sample nû. i " " 7 ~ 3 4
Moisture can n°. ------- 23 ------- 30 31 32 il j 37
Wt. of can + wet soil 108 105 103 76 92 111 108 150
Wt. of can + arv soil 97 Ç4 89 6? 80 94 88 130
Wt. of water 11 11 14 7 12 ¡7 23 1 23
Wt. of can 35 34 35 33. 35 35 34 1 71Wt. of dry soil ■ 62 60 54 36 45 59 54
Water content a  % i 17.7 18.3 26 19.4 26.7 28.8 37 1 35
Density Determination
Assumea water content 10% 15 % ¿3 % 25%
Water content <u% Ì8 22/ cx 35
Wt. of soil + moia 13255“ "5377“ T237----------------- "5373
wt. of mold 6/76 Ó//6 6/76 ("5775----------------- ;
Wt. ot soil in moia. g. 15» “ 1333 1531 ¡5?4
wet Density. kN/m3 14.9 ¡5./ 1/ f“ 733----------------
Dry Density y. kN/m 3 123 129 ” 133--------------- ,” TT5----------------
CO
£
z
’(/)ca>
T3
>N
Q
Water content,w%
■ziŒAik)
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Table 1.70 Weight Lost and Shrinkage Percentage of Biofiy Brick Sample K25
Sncx N o . W e t
W e ig h t
M l
(g r a m s )
Dry
W e ig h t
M 2
(g r a m s )
B urn t
W e ig h t  M 3  
(g r a m s )
W e t
D im e n s io n s  D  
1 x L  i (rm n )
D ry
D im e n s io n s
D2xl2(mm)
B u rn t
D im e n s io n s  
D 3 X L 3  
. (m m )
D ry
S h r in k a g e
X
B urnt
S h r in k a g e
%
D ry
W e ig h t  
Lost X
B urnt 
W e ig h t  
Lost X
1 6 1 .5 3 ¿ 1 . 2 0 4 6 .7 ¿5  x ¿ 0 x 4 â .ià 24 x 43.5Ò 3 10.30 16.78 8 .7 8
2 6 4 .5 7 5 3.0 1 4 8 .4 25 x 50 2 5  x 4 8 .8 0 24  x  4 6.40 2 .4 4.91 17.90 8 .6 9
3 6 0 .6 9 5 0 .5 8 46.1 25 x 50 2 5  x 4 8.40 2 4  x 4 7 2 0 3 .2 2 4 7 1 6.65 8 .8 5
A 71.11 6 0 .4 1 5 5 .3 25 x 50 2 5  x 4 8.60 24 x 4 7.70 2.8 1.85 1 5.0 4 8 .4 5
5 6 8 .0 4 5 8 .3 1 5 3 .3 2 5  x 50 2 5  x  4 8.20 24 x 4 7 . X 3 .6 1 2 4 1 4.3 0 8 .5 9
Ó 5 6 .9 0 4 9 .1 4 4 4 .8 25  x  4 8 2 5  x  4 8 .7 0 24 x 4 6 X 2.6 4.31 1 3 . X 8 . X
7 6 1.11 5 3 .6 3 4 9 2 5  x 50 2 5  x  4 8 . X 24 x  4 6 4 0 3 .4 3.93 1 2 2 4 8 . X
8 5 6 .5 9 4 9 .6 8 4 5 .4 2 5  x  50 2 5  x  4 8 . X 24 x 4 8 3 1.03 12.21 8.61
9 5 6 .7 4 4 8 .8 0 4 4 .4 2 5  x 50 2 5  x  4 8 . X 24 x  4 8 2.8 1 2 3 1 3.9 9 9.01
1 0 5 6 .3 9 4 9 .1 4 4 4 .8 25 x  50 2 5  x 4 8 . X 24 x 4 8 2 0 3 .4 0 . 2 0 1 2 8 5 8 . X
M e a n 3 .0 2 3.12 1 4.5 2 8 . X
Table 1.71 Compressive Strength of Biofly Brick Sample K25
Specimen
Number
Max. Load 
Applied 
KN
Length L 
(m m )
Breadth D 
(m m )
Weight
(grams)
C  MPa
1 32 5900 2330 327 7508
2 25 6100 2400 410 5529
3 295 5200 23.70 33.9 66.90
4 26 5600 23.80 37.7 62.97
5 29 5700 2300 35.9 6933
6 • 245 5300 2360 33.9 5557
7 25 3900 2300 256 "6261
8 34 5100 2400 346 75.19
9 30 4640 2340 312 6779
10 U z 6200 2300 40.7 65.74
Table 1.72 Water Absorption Properties and Saturation Coefficient of Biofly Brick Sample K25
Bride No. Dry Mass (M j) 
(grams)
Saturated Mass 
After 24 hrs 
Immersion (M 2 ) 
(grams)
Saturated 
Mass After 5hrs 
Bolling (M 3)
(grams)
Cold Water 
Absorption test 
for each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
ASTM C67 (SC.)
1 45.1 48.9 496 842 9.97 034
2 474 50.7 51 6.96 759 0.91
3 460 524 534 1391 1608 0.86
4 476 513 51.9 W 903 0.86
5 441 482 485 929 9.97 0.93
6 460 51 514 10.86 11.73 0.92
7 433 485 49 10.73 1137 0.90
8 47.1 505 51.1 721 735 0.98
9 476 52.1 522 945 966 0.97
10 48.1 52 524 8.10 8.93 0.90
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Table 1.73 Compaction Test of Clay/Shaie Brick Materials Sample
Description of Soil C/S
Blows/Layer 25/3 N°. of Layers 3 Wt. of Hammer 24.5 N
Mold dimensions: Diam. 10.3 cm Ht. 12 cm Vol. 1000 cm3
Water Content Determination
Sample n°. i ” 2” "1-----------3----------
Moisture can n°. j 45 ! ^ 2 0 j i i X o ------- ¡6 19
Wt. or can + wet soil 135 j 106 74 82 I 90 119 139 132
Wt. of can + dry soil 122 1 % 68 75 81 104 116 113
Wt. of water 13 1 10 6 7 1 9 15 23 19
Wt. of can 34 1 35 35 33 T3T" 38 35 34
Wt. of ary soil 38 01 33 42 1 47 66 31 79 !
Water content <a% 14.8 ! 16.4 18.2 16.7 1 19.2 227 28.4 24.1 1
Density Determination
Assumea water content loi 10% T T S -------- 257£--------
Water content co%~~ ¡5.0 Ì/.3 20.95 U 153
Wt. of soil + mold "5755 8866 “5555 “5757
Wf. of mold 6/76 6//6 6776 6776
wt. otsoii in mold. g. ¡992 2090 i w --------- "2m
Wet Density, kN/m3 19.54 “”2J3 2D. 7 VT71
Dry Density y. kN/m 3 ¡¿.9 i/5 — T7TI-------- 1551
CO
£
2
*
wco
TJ
>*
q
1 0  1 2  1 4  16 18 20 2 2  2 4  26 28  30
Water content,w%
S a l ©  @ © Q ïiïf)Q ® ,ê à ® S i  S Q S fe  £ ? © S
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Table 1.74 Weight Lost and Shrinkage Percentage o f  Clay/Shale Brick Sample
B rick N o . W e t
W e ig h t
M l
(g r a m s )
D ry
W e ig h t
M2
(g r a m s )
B urn t
W e ig h t  M 3  
(g r a m s )
W e t
D im e n s io n s  
D  i  x L  i ( r r m )
D ry
D im e n s io n s
D 2 x L 2 <m m )
8 u m t
D im e n s io n s
D3 xl-3
(m m )
D ry
S h rin k a g e
%
B urnt
S h r in k a g e
%
D ry
W e ig h t  
Lost %
B c m t  
W e ig h t  
Lost %
1 7 3 .7 7 59.01 5 5 .8 4 25 x 50 2 3 .7 0  x 4 7 .2 0 23 x 4 S 2 0 5.6 4 2 3 2 0 5 .3 7
2 7 4 .0 3 5 8 .7 7 5 5 .5 9 2 5  x 50 2 4 .3 0  x 4 7 .8 0 23  x 4 6 4.4 3 .7 6 2 0.61 5-41
3 7 1 .7 2 5 7 .2 9 5 4 .2 4 2 5  x 50 2 3 .6 0  x 4 6.80 2 3.40  x  4 5 .8 0 6.4 2 .1 3 2 0 . 1 1 5 .3 2
4 7 3 .8 0 5 8 .4 5 5 5 .3 2 25 x 50 2 3 .6 0  x 4 6 .6 0 2 3.40  x 46 6 . 8 1.28 2 0 .7 9 5 .3 5
5 7 3 .0 7 5 8 .1 3 5 5 .0 4 25 x 50 24 x 47.40 2 3  x 46 5 .2 2 .9 5 2 0 .4 4 5 .3 7
Ó 7 2 1 8 5 7 .4 7 5 7 .0 0 25 x 50 2 3 .6 0 x 4 7 .4 0 2 3 4 0  x 4 6 5 .2 2 .9 5 2 0 .3 7 0.81
7 7 2.21 5 7 .4 3 5 4 .3 4 25 x 50 24 x 47.80 23 x 4 6 4 0 4 .4 2 .9 2 2 0 .4 6 5 .3 8
8 7 4.2 1 5 9 .1 3 5 5 .9 8 25 x 50 24 x 4 8 2 3 .4 0  x 4 6 3 0 4 3 .1 2 2 0 .3 2 5 .3 2
9 7 5 .6 1 6 0.21 5 4 3 6 2 5  x 50 24 x 47.80 23 x 45.70 4 .4 4 .3 9 2 0 .3 6 9.71
1 0 7 5 .2 2 6 0 .1 9 5 6 .9 5 2 5  x 50 24 x 47.80 2 3.4 0  x 4 6 5 0 4 .4 2.71 1 9.9 8 5 .3 8
M e a n 5 .08 3 2 0 .3 5 .3
Table 1.75 Com pressive Strength of Clay/Shale Brick Sample
Specimen
Number
Max. Load 
Applied 
KN
Length L 
(m m )
Breadth D 
(mm )
Weight
(grams)
C MPa
1 15 60.15 2301 5202 36.1
2 27 6326 2308 5526 645
3 17 59.96 2336 5147 39.7
4 22 6295 2329 "5467 "5Ì6
5 27 59.80 23.10 5407 644
6 21 6220 2321 5281 496
7 15 6152 22.95 5165 363
8 11 6048 23.70 5173 24.9
9 28 6062 2346 5235 643
1Ó 24 6 2 j0 6 23.19 5l.l4 563
Table 1.76 W ater Absorption Properties and Saturation Coefficient of Clay/Shale Brick Sample
Brick No. Dry Mass (M j) 
(grams)
Saturated Mass 
After 24 tvs 
Immersion (M2) 
(grams)
Saturated 
Mass After 5hrs 
Boiling (M3 )
(grams)
Cold Warer 
Absorption test 
fa  each 
specimen %
Boiling 
Absorption 
test for each 
specimen %
Saturation 
Coefficient for 
each 
specimen 
A STM C67 (SC.)
1 572 60.9 610 646 664 0.97
2 576 593 600 331 4.16 0.91
3 58.9 624 625 5.94 6.11 0.97
4 60.9 632 633 3.77 3.94 0.95
5 623 650 65.1 4.33 449 0.%
6 583 625 625 7.2D 723 1
7 66.1 68.9 690 4.23 438 0.96
8 600 640 642 6.66 700 0.95
9 612 64.9 64.9 6.04 604 1
10 59.1 644 644 8.% 8.96 1
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FLY ASH CLAY/SHALE
ELECTRIC MIXER: THE ADMIXTURE 
IS KNEADED WITH AN ELECTRIC MIXER. 
WATER IS ADDED TO ACHIEVE 
THE DESIRED PLASTICITY
BENCH SCALE EXTRUDER
SLUDCE
AIR DRYING(24-43) ADDITIONAL 
OVEN DRYING AT 105 C FOR 
24 HOURS
FIRING AT 1030 C° USED ELECTRIC 
KILN(MUFFLE FURNACE)
"BIOFLY BRICK" READY FOR TESTING 
AS 1 226
Figure 1.20: How "Biofly" Bricks are Made

